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PREFACE. 



'r' 



The following chaptera were written to exemplifyH>lr6' 
use of the geometrical method in treating problems 
involving the flow of electricity arising from the 
existence of sources of electro-motive force whose 
intensity undergoes harmonic variation. 

The greater number of them appeared originally 
in the Electrician newspaper, others have appeared 
in the Transactions of the Physical Society, and in 
the Philosophical Magazine, 

That on Condenser- Transformers has not been pre- 
viously published. 

THOMAS H. BLAKESLEY. 



Royal Naval College, Greenwich, 

May, 1889. 



If 



CONTENTS. 



CHAPTER I. PAGE 

Sblf-Induction 1 

CHAPTER II. 
Mutual-Induction 15 

CHAPTER III. 
Condensers 23 

CHAPTER IV. 
Condenser in Circuit 30 

CHAPTER V. 
Several Condensers 37 

CHAPTER VI. 
Combination of Condensers with Sblf-Induction . . 43 

CHAPTER VII. 
Condenser Transformer 53 

CHAPTER VIII. 
Distributed Condenser 58 

CHAPTER IX. 
Distributed Condenser (cont) — Telephony . .72 

vii 



viii CONTENTS. 

CHAPTEE X. PAGK 

The Transmission of Power 78 

CHAPTEE XI. 

Upon the Use op the Two-CJoil Dynamometer with 
Alternating Currents 97 

CHAPTEE XII. 
Silence in a Telephone 108 

CHAPTEE Xm. 
On Magnetic Lag 115 




CHAPTER I. 



SELP-lNDirCTIOlf. 



It is often taken for granted tiat the simple form of 
Ohm's la w^total E.M.F.-r total resistance = total current 
— -is true for alternating currents. That is to say, the 
E.M.F. employed in the formula is taken to be the 
anm of the impresxed E.M.F. 'a alone. That there are 
causes which modify the value of the current as deduced 
from this simple equation, such as mutnal or self-in- 
daction, or the action of condensers, is often acknow- 
ledged in text books, and the values and laws of 
variation of the current are correctly stated for certain 
cases of instantaneous contact and breaking of circuit. 
Bat the effect of an alternating E.M.F. upon a circuit 
affected by self-induction, mutual -induction, and con- 
densing action, has not been, as far as I know, put into 
a tangible working form.* I propose to deal with the 
case where the impressed E.M.F. is subject to simple 
larmonic variation — that ia to say, the sort of variation 

* Dr. Hopkinson has quite recently dealt with some of the 
cases of alternating correnta in a paper read before tlie Society 
of Telegrapb Engineers and Electricians. 
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which takes place in the apparent distance of a satellite 
from its primary, as seen by an eye situated in the plane 
of rcTolution, and at an indefinitely great distance from 
the orbit. Theformof thelawissimply a; = 6 sin|-(— (' 1, 

where ( is the symbol for time, I' being the value at 
the particular epoch when x is zero, x representing the 
magnitude subject to the variation under consideration. 
Since the sine of no angle can exceed unity, b is th; 
maximum value of x. T is half the period or the ti 
required for x to vary from ita greatest positive vali 
to its greatest negative. 

This sort of variation is exactly that which the E.M, 
iindei^oea in the case of a coil, turned round any ai 
at a uniform rate in a uniform magnetic field, and 
very approximately the case in a large number 
motions occurring in practice. It is also the case whi 
a small bar magnet revolves at the ' centre of a co 
exactly when the magnet is very small, compared wi 
the coil, and highly approximately in other eases. T 
variation of telephonic currents, as produced in a Bi 
telephone, is also harmonic. 

Let a straight line of fixed length, and situated 
the plane of the paper, undergo uniform rotation 
that plane. Then its projection upon a fixed indefinite 
long line also in that plane will iindergo harmonic va. 
ation, and may represent any magnitude capable 
undergoing such change (e.3. an electromotive fore* 
the maximum value of this varying magnitude beii 
represented by the revolving lino itself. The period 
which the revolving line makes one complete revoluth 
is the period of the change. Hence, if we kno 
position of the fixed line and of the revolving li 
any instant, we can say in what particular phase tl 



i 
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;nitiide undergoing harmonic change ia at that in- 
For instance, anppose these lines make 30° with 
each other, we can say at once that the magnitude is 
removed from its maximum value by an interval of time 
equal to one twelfth of the period. If the angle ia at 
the instant increasing, the magnitude has passed its 
maximum value that interval of time ago. If the angle 
is growing less, the magnitude will attain its maximum 
after that interval of time. Ifc is therefore necessary to 
fix a positive direction of rotation as representing the 
positive lapse of time. [That direction which ia oppo- 
~ite to that of the hands of a watch will here be 

opted,] 

It follows that when we have two such electromo- 
tive forces acting in the same circuit, having different 
maximum values but the same Period, since each is 
represented by the projection of a revolving straight 
line npon a fixed straight line, the resultant electromo- 
tive force at the instaut is the algebraical sum of the 
individual projections. And if the two revolving lines 
are laid down as the two sides of a triangle taken in 
order, the rotation being uniform and the same for both 
lines, the lines will remain always inclined at the same 
angle to each other, and the algebraical sum of their 
projections is the projection of the third side. Thus, 
in the matter of such electromotive forces, we have a 
theorem exactly corresponding to the triangle of 
directed quantities. 

We may extend this mode of representing such 
quantities so as to form a theorem corresponding to the 
polygon of directed quantities, and cite it thus : — 

"If the straight lines AB, BC, CD,. ..ST represent 
the maximum values of different electromotive forces^ 
and, as to direction, are .so laid down upon the paper 
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that their projections upon a fixed straight line repre- 
senb at some point of time the instantaneous values of 




FlQ. 1. 
those electromotive forces, their instantaneous resultant 
ia the projection of the simple straight line AT," 

If, in any particular case, we have taken into con- 
sideration all the electromotive forces concerned, then 
clearly the line representing the resultant corresponds 
in phase with the instantaneous current; and if by 
' scaling or calculation we find the value of this resultant 
in volts, we have only to divide by the resistance in 
ohms to obtain the maximum value of the alternating 
current resulting from all the component electromotive 
forces. This is true, even if one of the electromotive 
forces is that of self-induction. But suppose we have 
arrived at a preliminary resultant by compounding all 
the electromotive forces with the exception of that of 
aelf-induction ; we then require the final resultant, and 
we obtain it by remembering that it most be at ri 
angles to the electromotive force of self-induction; 
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I the electromotive force of self-induction must be greatest 
when the current is passing through zero : therefore it 
must have its projection on the fixed line greatest when 
that of the final resultant (corresponding with the cur- 
rent) is zero. Therefore the final resultant and the 
electromotive force of self-induciion must be to the pre- 
liminary resultant as the two sides of a right-angled 
triangle including the right angle, are to the hypothen- 
use ; and as we already possess the hypothenuse, we 
have only to determine the ratio of tho sides, and upon 
which side of the hypolhenuse they must be placed, in 
order fully to determine the position and size of the 
final resultant and the electromotive force of self- 
induction. The geometrical construction is as follows : — 
From one end of the preliminary resultant set oif an 
angle in the negative direction of rotation, whoso tan- 
gent is equal to the product of the coefficient of self- 
induction and the angular velocity of rotation divided 
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ty the resistance, and then complete the right-angled 
triangle. For if ABC is such a triangle,— AB, BC, AC 
representing respectively the preliminary resultant, the 
electromotive force of self-induction, and the final re- 
sultant at the maximnm values, — it is clear that the 
maximum rate of increase of the resultant electromotive 
fee will be AC x angular velocity. Divide this by 
% resistance, and the maximum rate of increase in the 
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eiirreid is ottained, whicli, multiplied hy the coefficient I 
of aelf-induction, must give the maximum electromotive ' 
foTce of aelf-iiidQctioiij from the fuudamental conception 
of that magnitude. 

Hence, in symbols, if r = the resistance, 

L = thB coefficient of self-i 

duction, 
w= the angular velocity, 



^^^tanBAC^-"^, 



If 2T ii 



And since the electromotive force of self-induction must 
he greatest and + ve when the current is changing 
ihrovyh zero friim +vefo —w, it is clear that the phases 
of the electromotive force of self-induction must fullvw 
those of the final resuUant electromotive force at an 
interval of time represented by a quarter of the period. 
Thus the above construction is justified. 

As many of the problems involving alternating cur- 
rents can be very well exhibited and solved by geo- 
metrical methods, I shall give one or two geometrical 
propositions which will render the diagrams that may 
occasionally l,e required easier of comprehension. 

GUOMETHICAL PeOPOSITION I. 

If AB, AC, are two lines in the plane of AX, AY, 
which revolve round a line drawn through A at right 
angles to this plane, at a uniform rate, the angle CAB 
being therefore maintained constant, to find a geo-'| 
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jnetrical expression for the mean value of the product 
©f the projections of AB, AC upon AX., 




Fig. 3. 

From B and C draw BD, CE, perpendicular to AX. 

Draw AB' perpendicular to AB, and make AB' 
equal to AB. 

Draw AC perpendicular to AC, and make AC 
equal to AC. Then AB', AC represent the positions 
of AB, AC after revolving through one right angle. 

Draw B'D', CE' perpendicular to XA produced. 

Then the angle AB'D' is equal to the angle BAD, 
and the angle ACE' is equal to the angle CAE. 

Now 

AE, AD = AC, AB, cos CAE, cos BAD, 
and 

AE', AD' = AC, AB', sin ACE', sin AB'D 
= AC, AB, sin CAE, sin BAD; 
therefore 

AE, AD + AE', AD' AC, AB ( 



2 



cos CAE cos BAD 



+ sin CAE, sin BAD \ 



AC, AB 
2 



cos CAE -BAD 



} 



AC, AB ^ . p, 
= — cos BAG. 

Jit 



But the quantity upon the left of this equation re- 
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ec- I 



^H ham 



preaents the mean valne of the prodnct of the projec- 
tion of AB, AC, upon AS, for two positions ot tbi 
moving system differing by one right angle. And all 
the positions of the system nwy be taken in pairs 
differing by one right angle. Hut when two such 
positions are taken, the mean value ia shown by the 
above equation to be independent of the actual position 
of the ayatem. 

Therefore, the mean value obtained for two such 
positions is the mean value for all positions, and is 
given by the above equation, the right hand aide of 
which shows it to be half the product of AB and AC 
multiplied by the cosine of the angle between them. 

It is unnecessary that the lines AB, AC should have 
a common point. If AB, CD are any two lines situated 
in one plane, and inclined to one another at a constant 
angle, while they revolve round any axis at right angles 
to the plane containing them, the mean value of the 
product of their projections on any fixed line iu the 
plane containing them ia half the product of their 
lengths multiplied by the cosine of the angle between 
them. 

The application of this proposition to problems in 
alternating currents ia extremely simple. 

The power working at any instant in a source of 
electromotive force is the value of the product of the 
instantaneous electromotive force in question, and of the 
instantaneous current. 

Suppose one of the lines we have been considering 
represents the maximum value of an alternating electro- 
motive force varying harmonically, and acting upon a 
circuit conveying an alternating current also varying 
harmonically, and that the two have the same period. 
Suppose the second of the two lines to represent the> 
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effective electromotive force througli the circuit at a 
maximum. Then the projections of these two lines 
may be taken to represent the real value of these two 
electromotive forces at some instant. If we divide the 
effective electromotive force by the resistance, we get 
the real value of the current at the instant, and the 
product of the electromotive force represented by the 
projection of the first line into the current at the instant 
represents the power at the instant exerted by the 
source of the electromotive force represented by the 
first line. 

Hence, if in the figure AB represent the maximum 
value of some electromotive force acting upon a circuit 
whose resistance is R, and AC represent the maximum 
of the effective electromotive force producing current, 
then the mean power exerted by the source of electro- 
motive force, whose maximum is AB, is equal to 

AB, AC T5 A ri 

— ^i— — cos BAC. 

Now, suppose that the only two electromotive forces 
acting upon the resistance R are represented by AB, 
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BC, when at their maximum, and by the projectio 
these lines upon any fixed straight line at any oth< 
moment, then AC is the effective electromotive fon 
acting upon the resistance E. Join AC, and f 
it towards A to D, and di-aw BD perpendicular to it. 
Then, by what has been said, the power exerted 1 

the Bource of BC is — '^ — cos ACB, and the pow 

AB, AC 



exerted by the source of AB ii 



2E 



- COS CAB. 



1 numerically to - 



'■ cos DAB, which, then 



This in the figure aa drawn has a negative valaj 
^ AB, AC , 
21t 

fore, represents the power doing work upon the SOUH^ 

of AB, aud,- following the same rule, the effective powej 

sending the cnrrent throngb the circuit is— 

ACxAC „_n-AC^ 



I 



2E 



-"'"-Iff 



The three powers of the primary source, of the : 
cipient source, and that heating the circuit, are pd 
portional respectively to 
BC cos ACB ; AB cos DAB : AC, i.e., to CD : DA : 

The electromotive force of self-induction is one w 
depends for its value upon the rate of increase or i 
crease of the current. It is greatest when the currei 
is increasing most rapidly, i.e., wheu the current i 
zero, and it is least when the current is unchangjni_ 
I.e., when it is at a maximum or minimum. It varief 
therefore, harmonically, and is, in fact, an electromotiffl 
force which must be drawn in such a diagram of electr< 
motive forces as has been considered at right t 
to the eft'cctive electromotive force. Its mean powefl 



therefore, : 



1 period i 



ist be z 
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To find its maximum value, consider that if 2T is the 

27]- 

complete period, — ^, is the angular velocity of any point 

in the diagram. And if the diagram revolve round one 
extremity of the line representing the effective electro- 
motive force, the greatest rate of increase of the effective 
electromotive force is represented by the velocity of 
the other point. 

If e be the maximum value of the effective electro- 

27r 
motive force, e ---- will represent its greatest rate of in- 

crease, and this divided by the resistance R, will re- 
present the greatest rate of increase of the current. 
If, therefore, the circuit has a self-induction coefficient 
of the value L, the maximum value of the electromotive 

force of self-induction will be L tj c^rl^ = t-^^y > therefore, 

XV 2 1 Ki 

in the -diagram -^—^ must be equal to the tangent of the 

angle between the effective electromotive force and the 
resultant of the impressed electromotive forces. 




Fig. 5. 



Thus, in the figure, if AB represent the resultant of 
the impressed electromotive forces, and AC is drawn 



L 



TT 



so that tangent CAB=— --, and BC is drawn perpen- 

xt 1 



12 



ALTERNATING CURRENTS, 



dicular to AC, tlien BO represents the electromotive 
force of self-induction and AC the effective electro- 
motive force. 

Suppose, now, that AB, BC are the revolving repre- 
sentatives of two electromotive forces. Then AC is 
their resultant ; C AE is an angle whose tangent is equal 

T IT 

to 7=^, as explained; CE, BP are perpendiculars upon 

AE. Then AE is the final resultant or effective electro- 
motive force, merely requiring division by the resistance 
to give the current. 




Fig. 6. 



The power derived from the source of AB is AF 

AE 



AE 
2r 



the power transferred to the source of BC is FE ^ — and 

AE AE^ ' ' 
the power heating the circuit is AE — _ = — — ^ 

As regards the projection of BC, viz. FE, since (as 
here drawn) FE is in a contrary direction to AE, there 
is a transfer of power to its source. Had F been 
situated nearer to A than E is, the source of BC would 
do work and assist in heatinsr the circuit. This ob- 
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vioualy depends upon whether BC, AB are inclined to 
one another at an angle greater or lees than a right 
angle. 

If we denominate these three powera aa the power of 
the active source, the power of the recipient source, and 
the heating-power, they will be to each other in the 
proportion 

AF : FE : AE ; 

and the efficiency of transmission will be - ^, the ratio 



AE 
AP' 



AF' 



of waste beiuj 

The electromotive force of Belf-induction, properly 
speaking, exerts no power in a period. It linppens, 
however, that the cores of electro-magnets become warm 
when subjected to an alternating current ; and this 
effect is generally attributed to the heat from the 
circuit reaching them by conduction. Some high 
authorities have held that the power due to any in- 



I 



.need electromotive force must be zero, and that the 
change of electro-kinetic momentum involves no loss of 
energy. It is certain that if there be any electromotive 
force doing work, its projection on the line of effective 
electromotive force cannot vanish; and if any work is 
done upon the cores by the changes of polarity in one 
iriod, the effective electromotive force will be di- 
.iahed by the amount of one opposite to it in phase 
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anil of sticli a valae that if multiplied by the rednc-ed 
effective one and divided by twice the resiatatice, the 
result will he the power producing the work observed 
to be done upon the cores. Such an electromotive force 
is an induced one ; but it differs from that of self-in- 
dnctioTi, as usually understoodj in having its phase in 
exact opposition to that of the current. In such a case 
the diagram of electromotive forces would be as shown 
.boTB (Fig. 7). ■ 

Here AB is the impressed electromotive force. 
AD is the effective electromotive force. 
CD is the ordinary electromotive force of self- 

indnction. 
BC is the electromotive force resulting from 
magnetic viscosity, and DC, DA are con- 
nected by the relation, — 
DC^Ltt 
"DA~TK 
The result of a large magnetic viscosity would be, 
therefore, to diminish the effective electromotive force 
in comparison with the impressed one, but at the same 
time to bring the two more nearly into the same phase ; 
whereas the effect of an increase in the co-eflicient of 
self-induction, as commonly understood, is to diminish 
the effective electromotive force in comparison with 
the impressed one, and at the same time to increase 
the difference of phase. 1 

Most problems relating to self and mutual induction, 
and to the action of condensers at particular points, may 
be treated geometrically in the way indicated, as will 
be exemplified occasionally in the following chapters, 
ifi^Qugh the analytical method is probably better in 
situated'" rJistributed capacity, 
do work and 
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HCTUAL-INDUCTION. 

For the sake of brevity it will be well to describe a 
magnitude undergoing harmonic variation by its masi- 
mnm value. Thus, suppose, in Fig. 8, BD, the projection 
of a constant line, AB, upon the axis of Y, to represent 
the electromotive force at some instant acting through 
a circuit, and that the electromotive force undergoes 
the variations which this projection undergoes, it will 
be convenient to describe the electromotive force by its 
maximum value AB, 

And similarly with currents. If a current is repre- 
sented always by the projection of the magnitude re- 
presenting its maximum, we may talk of the masimum 
value as the current. 

Language based upon this convenient mode of 
expression has, in fact, been used towards the close of 
the previous article. We may employ the 6rst pro- 
position there given to the determination of the reading 
of a dynamometer subjected to alternating currents. 

Suppose, in Fig. 1, that AB represents the current 
through one of the coils of the dynamometer, and that 
AC represents the current through the other coil. Then 
the average value of the product of these currents will 
„ACAB„ 
2 



- cos BAG. 
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But it is the average value o£ tlie product of these 
currents which will be proportional to the reading of 
the instrument. 



I 




Moreover, in the ordinary case the currents in the 
two coils are identical in value and coincident in phase, 
the coils being in series. 

The first consideration requires AB to be equal to 
AC, and wo may take c as the value of each of them. 
The second consideration requires cos BAG to be equal 
to unity, since BAG = 0. 

Therefore, the reading of the dyiiamorneter will b^ 

proportional to — . 

Thus the reading of the instrument which is prodaoJ 
by an alternating current c (i.e., whose maximum is I 
will be produced by a uniform current whose value | 



-/r 



■ -707 c 



The method of compounding the electromotive forc^ 
acting in one circuit and having the same period, ' 
differing in phase, after the manner of forces 
velocities in mechanics, is evidently true when we coa 
sider that the real electromotive force is the sum of ti| 
projections of each, individually projected, upon t 
straight line. 

The graphic diagram resulting from the application^ 



* I of this met' 
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of this methoii may be advantageously employed in 
exhibiting the effects of an alternating E.M.P. acting 
Ion a circuit possessing, besides self-ind action, matual 
induction on and from another circuit possessing aelf- 
mduction in its turn. 

As self-induction is defined to be the electromotive 
Borce acting through a circuit due to the increase or 
jBeerease of the current in the circuit itself, so mutual 
iiiduction is the electromotive force produced in one 
^rcuit by the changing current in a neighbouring 
^Tcuit. 

In each case the rate of change in the current requires 
be multiplied by a. coefficient to give the induced 
ftlectromotive force. 

L is the usual symbol for the coefficient of selE- 
bduction, and M is the coefficient of mutual induction. 

Hence, if we multiply the instantaneous rate of in- 
B of the current in the first of two coils by M, the 
joefficienfc of mutual induction between that coil and 
iHe second, we obtain the instantaneous electromotive 
^roe due to this increase in the second coil. 
' Let L be the self-induction coefficient of the primary 

•cuit. 
I Let L' be the self-induction coefficient of the secondary 

rcnit, 
^ Let B and r be the resistances respectively of these 
two circuits, and 

the coefficient of mutual induction between 
them. 

Take a line CF of magnitude h and draw CB at right 

angles to CF, and in magnitude equal to p^r''" ^^ that, 
3 diameter describe a 



■|n' 



Mtt 



r 
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semi-circle on the side remote from CF, and set oS the 

angle EGA, whose tangent is equal to — =^. From P 

draw FB perpendicular to AC produced, and produce 

BF towards F to G, t 

CD, ao that CD bears to CE the same proportion which 
L bears to M. Join DG-, and call it c. 

Then if e is the impressed electromotive force in the 
primary circuit, in phase and maguitude, CF or h will 
be the effective electromotive force in the primary 




circuit, and CA, which call/, the effective electromotive 
force in the secondary circuit, in phase and maguitade. 
In other words, dynamometers inserted in these two 
circuits will give the same reading as if the constant 

1 the circuits re- 
spectively, the angles of torsion being proportional to ■ 
the squares of these lines CF, AC respectively. 




J 
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If we write 

. Ltt 
tafD. a = . 

. Mtt 

**'^ •/= TT' 

. ^ Mtt 
tan = , 

then CFD = a, ACE = ^, CFE = S, and from the geometry 
of the figure we have 
/= h cos /8 tan i 

DOS'* a cos £ 

Therefore we have for the equation connecting e and h 

e^ = — s— (1 + cos^ a cos^ y8 tan^ 7 tan^ h + 
cos^a 

2 cos a cos y8 tan 7 tan h cos a + y8}, 

and for the equation connecting e and / 

t^ = — 5 '^-s-ps s-k{ 1 + cos^ a cos^ /8 tan^ 7 tan^ S + 

COS'* a cos-* p tan'* 

2 cos a cos ^ tan 7 tan h cos a + y8} 

If we write tan ^ for cos a cos /8 tan 7 tan h, for 

brevity's sake, these equations become : — 

}iJi 

^ 2~i{l + sin 2 6 cos ct + i8}. 

r tt COS'* 9^ ^ '^^^ 

^= 2 . {1 + sin 2 6 cos a + /S} ; 

or, to express the effective electromotive forces sepa- 
rately in terms of e, 

e cos a cos <f> 
h = 



cos* a COS" 



'V 1 + sin 2 cos a + /8* 
e sin <f> cot 7 

'^l + sin 2 ^ cos a + fi 
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whence the expressions for the currents ^and'-, i 

terms of the coefficients of self and mntiial inducti< 

the resistances and the period, become, by the pro] 

BubstitutioDS 

h cT (r^T° + L'M)t 



E { (MV* + E)-T' - LL'tt^)^ + 71^ T» (Lr + L'R)«}»' 

/^ pTMtt 

r { (M%^ + Ri-T"^ - LLV)^ + TT^ T^ (Li- + L'R")^}!' 

The relation which the current in the 
bears to that in the primary is simply 
Mtt 



(7) 



and the relation of the dynamometer readings in tl 
two circuits will be as the square of this expression. 

The interesting experiments of Mr. Willoughby Smil 
on the effects produced by inserting masses, or, as tha 
were described, screens of metal in the field of two coi 
on their mutual induction, illustrate this propositioi 
Though the undalationa of the primary electromoti'? 
force were not in this case harmonic, but were produce 
by mere commutation at the poles of a battery, y( 
there is no doubt that the effects produced in tl 
secondary coils by this mode of generation would 
approximate to those illustrated here. From the figura 
it ia clear that a large increase in the value of M will 
greatly diminish the proportion which h bears to e, but 
unless L' is largely increased, the increase of M will 
not so largely aJter the value of CE, upon which, with 
L', f depends. 

In the lecture which the writer had the good fortune 
to hear from Mr. Willoughby Smith, the chief omission 
seemed to be that of a dynamometer in the primary 
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coil. It ia higtly probable tliat a great falling oft would 
have been noticed in the reading of such an mstrumentj 
when the metal was placed in the field, even when the 
dynamometer in the secondary circuit showed no falling 
off of current. The faulty use of the idea of screening 
would have been made very manifest by euch an ex- 
periment, for it would have seemed as if the screen had 
been enabled to maintain the effect of the ruiliatioii on 
the recipient circuit when the Bonrce of the radiation 
itself bad become weaker. I bave, in fact, illustrated 
thia point in an experiment. 

A battery and electric tuning fork were joined in 
circuit with the primary coil of a Ruhmkorff apparatus 
of which the usual vibrator was constrained in position 
to maintain contact, the tuning fork taking its place as 
vibrator. In the secondary circuit was a Boll telephone. 
The core was removed and the apparatus set to work, 
both the tuning fork and telephone singing in nniaon. 
On pushing the core into its place in the centre of the 
coils, the intensity of the tone of the telephone was 
increased, but that of the tuning fork was diminished. 
The period was ^aTf of one second, the tuning fork 
giving the A above tenor C. Probably a lower note 
would have increased the eilect observed. To render 
the effect on the tuning fork more evident, it is well to 
silence the telephone. Thia can be conveniently done 
by holding it mouth downwards, and burning a whiap of 
paper about 6 in. beneath. 

On the other hand, the figure and the formulse show 
that when the period is diminished, other things re- 
maining the same, both the effective electromotive force 
in the primary and that in the secondary circuit grow 
smaller, compared with the impressed electromotive 
force. But the equation (7) indicates that when T is 
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diminished, i.e., irhen the alfcemationa tecome more 
rapid, the relation of the current in the secondary 
circuit to that in the primary circuit becomes greater; 
thua, in that part of Mr. Smith's experiments which 
dealt with an augmentation of the rate of alternation, 
the energy could hardly be said to be screened when a 
dynamometer in the primary coil would have demon- 
strated a greater falling off in the current in that circuit 
than occurs in the secondary circuit. To describe such 
an effect as due to screening would be as if one suffer- 
ing from the radiation from a grate should pull between 
himself and it a screen, which, by being drawn into the 
middle position, should, by suitable mecbanism, cause a 
bucket of water to be emptied into the fire, and were 
then to declare that the screen had stopped the radiaJ 
tion by virtue of being a screen. 
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In applying the geometrical method to the representa- 
tion of the effects npou the carrying power of a circuit 
of electric capacity it will be necessary to bear in mind 
carefully what is meant by capacity. An arrangement 
ia said to possess capacity when the arrival and ac- 
cumulation of a certain finite quantity of electricity 
is necessary before it can exhibit a rise in potential. If 
the rise in the potential is proportional to the net 
arrival of electricity, the capacity of the condenser is 
said to be constant, and ia measured by that amount of 
electricity necessary for a rise of potential of a unit 
amount. It has been denied that a voltameter is a 
condenser, but without justice. The arrival and ac- 
cumulation of electricity is necessary before the elec- 
trodes of the voltameter exhibit difference of potential. 
When this takes place, it is accompanied, not perhaps 
by what is sometimes understood as a static charge, but 
by a decomposition of the fluid, and an annexation, 
incipieut or otherwise, by the electrodes of the products 
of the electrolysis. In an incipient condition, with 
which in the question of alternations we should have 
to deal, it is not certain how the quantity o£ electricity 
_which has reached the voltameter is connected with 
3 difference of potential exhibited by the electrodes. 
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1 



That is to say, tlie condenser of this form may nn 
have a constant capacity, and therefore might distan 
the harmonic nature of the aUernations, even when the" 
variation of the impressed electromotive force was truly 
harmonic. But with the more usual form of condenser, 
where there exists a constant capacity, there will bej 
indeed, upon its introduction into the system, a i 
arrangement of the values of the current in differei 
parts, but each will remain harmonic in character. 

Suppose the straight lines AB, BC, CD, etc., beioj 
the consecutive sides of an unclosed polygon, repreaen 
the values of currents conveying electricity harmonic all 
to and from a point, with the same period of variatioi 

Then, since the rate of arrival of electricity is repr^ 
sented at any instant by the sum of the projections ( 
the individual lines upon some iixed line, and the sul 
o£ such projections is equal to the projection of the h 
joining ^D, the extreme points, therefore the arrival i 
electricity will be that due to one current of the val 
AD. 

Thus, however many harmonic currents of the si 
period are flowing into and out of a condenser, i 
whatever their differences of phase, their effect : 
charging that condenser will be that due to oi 
curre^it of the same period, and in a certain determinat 
phase as regards the actual currents. This current may 
be called the effective current. 

It will be necessary to consider, therefore, the eSeflb 
upon a condenser of constant capacity of the arrival o 
electricity at a rate undergoing harmonic variation, fo 
that rate is the effective current. 

While the current is positive, the charge is alwa} 
increasing ; and, vice versa, the charge of the condenaa 
is always decreasing when the current flows away froB 
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tlie condenser. Hence the ctarge will be greatest 
when tte current is changing from positive to negative 
throngh the value zero, and least when the current ia 
changing from negative to positive through the value 
zero. 

Let us take this latter point to start from, and con- 
sider what the accumulation of electricity will be in a, 
given time f. If T ia half the period, the angle through 
which the line representing the current will revolve in 

time t ia equal t 7p- Call thia angle a. Let d represent 

any angle which the line has traversed between zero 
and o by a given point of time. 

Then, if c is the maximum value of the current, c sin 
will be ita value at the particular point of time con- 
sidered. Now, supposing we knew the average value 
of this current between the values of 6, zero and a, we 
should only have to multiply this average into the time t 
to find the value of the electrical accumulation. The 
factor c ia constant, and therefore the accumulation 
depends upon the average value of sin between 

The following subsidiary proposition is a mode of 
jiding the value required without the use of the 
Itegral calculus. 

Geometeical Pkoposition II. 

ffo find the average value of sin and cos 9 when d 

lies from to a uniformly. 

; S(o)j C(a), represent respectively the average 
s of sin and cos 0, when 6 varies uniformly from 

kNow, the cosine of any angle between and a may 
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be expressed by cos { s + ^ ) *"' ^^^ ( .>~0 ) • ^liere 

if) may have all values from to -. 

Therefore all the values of B may be grouped into a 
nuraber of pairs, represented by I ;, + <^ I and ( ,=^ ~ "^ ) 

where ^ varies from to =. 

Now, cos I - + (^ I = cos = cos — sin ^ sin ij>, 
and cos I - — ^ I = coa ^ cos + sin ^ sin 0. 

Therefore, the average value of the pair of cosines, 
coa ( rt + 4' ) ^''^^ "^^^ ( 9 ~ ^ ) '^ "^"^ o '^^^ "^^ 

Thus the average value of cos 0, where ff varies from 
to a uniformly, depends upon the average value of 

cos (j), where <f> varies uniformly from to ^y, as in the 
following expression: — 

Similarly c(«) .oo=»c(°). 

Therefore C(a) =cos?cos^ .... cos^^Cl?^!. 
The angle -^becomes indefinitely small when n is 

made infinitely large, and evidently the average valna 
of the cosine of a very small angle approaches unity, 
therefore C . - is equal to unity when n is made in- 
finitely great. 
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Therefore C(a) =cos - cos -- cos -. . . . ad infinitum. 

But by ordinary trigonometry 
sin a = 2 cos - . sm ^ 

= 2^ cos ^ . cos - . sm - 
2 4 4 

i^ a CL CL a » a 

= a . — . cos ^ cos - cos - . . . . cos -^ sm , - 

a 2 4 8 2" 2*' 



Ct A A 

= a . cos - cos - cos - 

2 4 o 




and when n is infinitely larger. 



a 

sin -— 

a 



2« 



Therefore, sin a = a cos - cos j cos ^ , , . , ad 

2 4 o 

infinitum, and hence 

^/ X sin a / V 

O (a) = .... (a) 

a 

or the average value of cos 9, when varies uniformly 

• 

between and a, is . 

a 

Similarly, 

sin I - + ^ I = sin - cos <j} + cos . sin <^, 

and sm f 5 — 9 I = sm - cos 9 — cos - sm 9. 

x2 y/ 2 2 

Therefore, the average value of the pair of sines, sin 
I - + j and sin (o "~ ^) ^^ ^^^ 5 ^^^ ^« 
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Thus the average value of sin 0, when varies from 
to a uniformly, depends upon the average value cos 

(f>, where <f> varies from to 5, as in the following ex- 
pression : — 

S(a)=sm«cg). 
But by the former portion of the proposition the value 
of C l^\ has already been determined (a) to be 

a 

sm- 



a 

2 

• 9 u 

Therefore S (a) = f^^i^-cosjt. . . . . (yS) 

a a 

"2 

that is to say, the average value of sin 0, when varies 

from to a, is 

1 — cos a 

a 

We can now deal with the electric problem, for the 

supply of electricity given by the harmonic current in a 

time t dating from the zero value of the current will be 

"B (I) 

1 tTT 

T .... (7) 

and the total supply during one half period is therefore 

2Tc 
equal to — , which is the value of the above expression 

TT 
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Iiaii Hs eqnal to T. During the second half period 
|iia quantity of electricity is abstracted. 

Daring the first quarter period the supply will be — ' 

■ half the entire quantity, and as it is convenient 
Hwaya to meaanre from a mean value of any harmoni- 



Sally varying magnitude, we may consider 



Tc, 



i the 



addition or withdrawal of electricity in any of the 
quarter periods, to or from the mean value. 

The expression (7) shows that the variation in the 
supply is harmonic, and diSers by a quarter period in 
phase from that of the current in the direction of retar- 
dation j I.e., it does not come up to its maximum until 
the current has passed its maximum, the interval 
between the two events being a quarter of a period, or 
T 
2' 

Hence, if the condenser be one whose capacity is con- 
stant, the potential difference of its plates will undergo 
harmonic variation, and in a diagram of electromotive 
forces will be drawn at right angles to any line which 
is in the same phase as the effective current into the 
condenser, in the direction of retardation. If C is the 
capacity of the condenser, the amplitude of the differ-* 

—ence of potential of its plates will be -, — - 

rill occur when the effective current i 

jUrection, 

[ "We shall next consider the effect of connecting two 

K>ints of a circuit with the plates of a condenser. 



" which E.M.F. 
1 changing its 




Bbpoee discussing some of the effects upon the practid 
applications of electricity of coefficients of mutual e 
aelf-inductioa, it will be well to consider the action of ^~ 
condenser whose plates are joined to different points of 
a circuit conveying an alternating current, for we shall 
find that in cases where both capacity and coefficients 
of induction exist, they are capable not only of modify- 
ing the effects of each other, but of masking the effects 
of resistance. It may even be possible, by suitable 
adjustment of the quantities concerned, to put through 
a resistance which is not closed a current of the same 
amount which would flow through it if it were closed^ i 
but denuded of the condensing apparatus and inductioig 
coefficient. 



":rr" 



Fig. 10. 

In Fig. 10 suppose that G is a source of harmonical 
varying electromotive force, working into a i 
whose total resistance is E + r, and that at C there is I 
condenser of capacity C connected with the circuit i 
Bcch a way that the section of the circuit terminated b^ 
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tlie plates of tbe condenser and coutaining the source Gr 
haa a resistance r, and that the remote section has a 
reaiatance B, We shall also suppose that there ia no 
self-induction in either section of the conductor. Take 
a straight line, C, on any convenient scale to represent 
the electromotive force of the source, and divide OC in 
Dso that OD : DC::r : E. 

Calculate the qnantityT iryu ■-. , where T ia half the 

period. From the nature of the quantities involved this 
quantity ia neceasanly poaitive and numerical, and it 
may therefore be repreaented by the tangent of an 
angle in a diagram where the line a, as in the case before 
uSj are electromotive forces. 

Sot off the angle OCE of such a value that ita tangent 
has this value, and in the direction of retardation. 
From D draw DE perpendicular to CE, and join EO. 
Then OE and EC will represent in phase and magni- 
tude the effective electromotive forcea in the two 
sections. That is to say, the current generated in r 
will be that due to an E.M.F. of the value OE operating 
upon a simple circuit of reaistance r, and the current 
generated in R will be that due to an E.M.F. of the 
value EC operating upon a simple circuit of resistance 
R. To prove this, produce CE to F, and draw OF per- 
pendicular to CP. 

In the first place it ia to be observed that the differ- 
B of potential of the plates of the condenser consti- 
lltes the effective electromotive force in the circuit R. 
Uso the difference between the generated E.M.F. and 
t due to the plates of the condenser constitutes the 
^ective E.M.F. in the circuit r. 

: the generated E.M.F. is OC. If, therefore, EC 
KB represent the E.M.F. due to the condenser — i.e., 
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the eflfective E.M.F. in section E — it follows that OE 
will represent the effective E.M.F. in section r. Thus 
the two points to be proved stand or fall together. 




Fig. 11. 

If EC is not the effective E.M.F. in circuit R, let 
E'C be the value in phase and magnitude. Join E'O, 
E'D, and draw OF' parallel to DE'. 

Now, because E'C represents the effective E.M.F. in E, 
therefore OE' represents the effective E.M.F. in r. 

Therefore 



E'C 

— - — is the effective current in R, 



and 



OE' . 



is the effective current in r. 



but F'E' : E'C :: OD : DC, because OF is parallel to DE'. 
Therefore F'E' : E'C ::r : R, 

F'E' E'C 



and hence 
Therefore 



/Tr«/ 



F'E 



r R* 

is the effective current in R, 



and since 



therefore 



OE' . 



OE' 



and 



r 
E'F' 



is the effective current in r, 
are those currents considered as 
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conveying electricity i?i^o the condenser, the positive cur- 
rent in R being of course a negative current as regards 
charging the condenser. But these are the only two 

currents affecting the condenser ; therefore is the 

r 

effective charging current of the condenser — i.e., the 
phase and magnitude of the effective B.M.F. through a 
resistance r, and producing the effective charging 
current, is represented by the line OP'. But, by what 
was proved in the last chapter, the phase of the charg- 
ing current must differ by a quarter period from that 
of the difference of potential of the plates of the con- 
denser. 

Therefore must OP' be at right angles to CE', and 
the angle DB'O be a right angle. Therefore B' must 
lie in the circumference of the semi-circle described 
upon CD as diameter. 

Q-pV 

Further, since — — is the effective charging current, 

OP' T 

the maximum accumulation of electricity is , and 

r TT 

therefore, if is the capacity of the condenser, the 

difference of potential of the plates of the condenser 

OP' T 1 

will be ^,which therefore should be equal to E'C. 

r ttO 

But OP' : B'D :: CO : CD by similar triangles. 

II R + f I R 



.•.0F = E'd5±^ 

R 



Hence jj,jj R + rT ^ j,,^ 

rRTrC 



Therefore 



B'D^'CTrRr 



B'C T.R + r 
or tan DCE' = tan DOE. 

A3. Oa, 



Ti 
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;ion, 
can I 



Therefore CE' must coincide with CE in direction, 
and hecanse E' lies upon the semi-circle on DC, it 
occupy no other position than E ; or EC ia the effective 
E.M.F. in R, and by consequence OE ia the effective 
E.M.F. in r. 

The only point remaining to be justified is the direc- 
tion in which the angle OCE has been taken. Had it 
been taken on the other side of OC, it is cSear that EC 
wonld be at a maximum a quarter period before — -, 

the effective charging current, which would be absurd. 
Hence the construction is completely justified. 

Now, it is evident, from the mode of construction, 
that OE must always be greater than OD, But had 
there been no condenser in the system, it is clear that 
OD would have been the effective E.M.F. through the 
resistance r. The effect of the condenser, then, has 
been to increase the effective E.M.F. in this section 
and of course also to increase the current resulting from 
it. 

On the other hand, EC must necessarily be leas than 
CD, which is the longest side of a right-angled triangle, 
of which EC is one of the other aides. But without the 
condenser OD would have been the effective E.M.F., 
through the section whose resistance ia R. The effect 
of the condenser in tlie system upon this portion of it 
will be, therefore, to diminish the current. 

Hence, if the whole circuit before the introduction of 
the condenser contains a number of incandescent lamps 
in series, the joining up with the platea of the condenser 
will have opposite effects upon the lamps in the two 
portions of the circuit. The light of those situated 
between the condenser and the generator will be aug- 
mented, and that of those in the remote section will 
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grow less intenae, Thta effect depends entirely upon 
the value of tlie tangent of the angle OCE, which is 

equal to ^ — r, and therefore increases as the capa- 

T(R + r) 
city of the condenser increases, and as the period 
diminishes. 

A farther qneation is that of the change of power 
employed. By what was demonstrated in the first 
article, the power of the source of any harmonic source 
of E.M.F. is equal to half the product of the E.M.F. and 
the current passing through it, multiplied by the cosine 
of their difference of phase. 

In the case before us, the E.M.F. of the generator is 

OC ; the current through it is — . 

Therefore the power ii 

If EH is drawn perpendicular to OC, 
OH = OEco3.COE. 

Therefore the power employed is — ^ . 

But had there been no condenser, or if the capacity 
of the condenser vanishes, OH would have been co- 
incident with OD, and the power would have been 
OC.OD 

2r • 

Therefore the effect of the condenser has been to 
demand a change of power in the ratio of OD : OH. 

Since OH must always be greater than OD, the 
change is always in the direction of augmentation, and 
we are therefore justified in thinking that such an 
arrangement might be beneficially employed in regulat- 
ing the intensity of lamps ; for though in the remote 
section the light suffers by the introduction oi tha (ici'tt- 
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denser^ there is upon the whole an angmentation of 
power at work. 

The actaal power in the two sections of the circuit 

will be -^r— in the generator's section^ and —^r^ in the 

remote section. 

These^ of course^ when added together^ are equal to 

OC OH 
the power of the source, i.e., to — ^ , which any one 

can verify from the geometry of the figure. 

It may be interesting to note, however, that we can 

exhibit the powers in the two circuits as the products 

of certain lines in the figure divided by the same 

denominator, so that they can be compared by the mere 

multiplication of measurements taken with a pair of 

dividers. 

EC* 
The power in the remote circuit is^rrr-; but EC : EF 

:: R : r, therefore -7=r = — , and the power becomes 

R r 

— ^ ' while that in the generator's circuit is-^^— , and 

. i . . 1 . OC . OH 

the total power is — . 

Zr 

Therefore they can be compared with each other by 
measuring bC.EF, OE^, OC.OH. 

Also, since CH : CE : : PE : DO. Therefore, CE . FE = 
CH . DO. 

Therefore, the three powers are again as 

CH.DOiOE*: OC.OH; 
and we have only to divide by 2r to obtain the absolute 
powers. 
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1 may easily extend the reasoning of the case when 
B circait is bridgBd hy one condenser to that in which 
I several points condeosera are situated, as indicated 
f Fig. 12. 

I this figure G ia a generator, and the circuit is 
1 at various points Cj Cg, etc., by condensers of 
lacity C, Cg, etc. E^ is the resistance of the remotest 
, Ra that o£ the section between condensers Ci 
pd Cg, Rj that of the section between condensers Cj 
^d C3, and so on up to C„, where the last condenser is 
ptnated. R is the resistance of thab section which con- 
tains the generator. Suppose, also, that there is no 
self-induction in any of the sections. 



"XT 



-L.. ±, 



Cl Cl CT 



X^ 



So far as the two remotest sections are concerned, 
the distribution of flow will follow that of the case 
already given, when the potential difference of the 
plates of the condenser Oj takes the place of the im- 
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pressed E.M.F. Suppose, therefore, E, C (Fig. 13) to 
bo tlie potential difEerence of the platea of condenser 
Cj, which for brevity we will call the E.M.F. of con- 
denser Ci- 

Set off the angle Ej CD^ in the direction of advance- 
Draw 



T(R, + R,j" 

E,D, perpendicular to E'C, cutting CD, in D,, and pro- 
duce CD, to E^, so that CDj:DjEij::Ri;Rg. Join EiE,. 
Then EjC is tho imprDssed E.M.F., so far as the two 
remotest sections are concerned. Therefore, EgC is 
E„E, 



the E.M.F. of condenser Co, and 



nRj. 
Now, set off the 



R, 



( the current 



3 EgCD, in the direction of ad- 
vancement such that its tangent is eqaal to ffr-%-j — -^, 
i (Hj + B3) 

and draw E^Dj perpendicular to CEo. Produce CD3 to 




L, so that CD2:D2L::R2:R3, and draw LF parallel to 
D2E2 to cat CEa produced in F. 

Produce EjEj to H, so that EiE^iEaH^iRaiKa. Join 
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FH, and draw HE, parallel to and equal to FL. Join 
CB3, E3 Ea. Then] E^C ia the E.M.P. of condenser C,, 

and ^ ^ ia the current in Rg. 

These points are proved by the following considera- 



tions 



Firstly, -^ is the effective charging current for the 



^^MnatrnctioD, and 

^^VTherefore, by 
B«e2il,^ i. 11 



condenser Cg, because ^^, = tan FCL = ip-le-— Vr ^7 
V(j 1 (Ks + -tta) 

FCR^TRs 

, LF C, IT R, LE T 1 „ „ 
^^"*«'"'E;C=^T-^'°^R,.Cr^'^- 

.erefore, by the formnla given at the bottom of 

LF 

;e 29, — is the effective current charging the con- 
denser Cg, and LF being at right angles to CEj, is in 
its right phase. 

But E3H ia eqnal and parallel to LP ; therefore, - i^- 

is the effective charging current for the condenser Cj. 
Secondly, one actual current affecting the condenser 

Cg ia -^— 'i which flows away from the condenser through 

the section Rg, 

Considered as an accumulating current ifc ia^— *j 

bnt E^H : EjE^, : : B„ : R^. Therefore, -^ = ^^. 

tRj Rj 
Thus-^ is one of the currents composing the effec- 

tive charging current—^. Therefore, !L " is the 
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uther component. That is to say, that E^Eg is the effec- 
tive E.M.F. in the circaib Rj. 

This again being the resultant of the combined simul- 
taneous action upon the resistance R;, o£ the E.M, forces 
of the two condensers Cj and C3, and EjC being that 
of the coudeneer C3, it follows that EgC is the E.M.F. 
of the condenser C.,. 

It is clear that by extending the construction in the 
same way until we have taken all the sections into con- 
sideration, we shall ultimately arrive at one line, C E, 
which will represent the E.M.F. of the machine neces- 
sary to generate the currents indicated. 

It would be very hard to construct a figure from the 
final line C E ; but this process ia unnecessary, because 
the actual value of the impressed E.M.F. would only 
affect the scale upon which the various lines should be 
measured, but not the angles or relative sizes of the 
lines in the diagram. A proper scale being therefore 
furnished from the final line to represent the value of 
the E.M.F, of the generator, it may be applied at once 
to the diagram to indicate — (1) the efl^ective E.M.F, in 
each section as given by such lines as EgE^, E^E,, 
which, being divided by the resistance in the particular 
section, will give the current- — (2) the difference of 
potential of the plates of the various condensers as 
given by CE^, CE3, etc. 

From the diagram it is clear that the general effect 
of condensers placed locally as bridges in a circuit is 
twofold. In the first place, when the sections of the 
circuit are considered in order, there is a continual 
delay in phase as we recede from the generator. In 
the second place, the current in the nearer sections is 
increased, and in the remoter sections diminished by the 
introduction of the condensers. 
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If in suci a circuit there were a nnmber of incandes- 
cent lamps in series, the effect of joining up with the 
condensers wonld be, that the lamps nearer the gene- 
rator would shine more brightly, and those most remote 
■would become duller, while there might be some in the 
intermediate sections which wonld indicate no change. 

These observations serve to indicate the nature and 
reason of the decay in an alternating current in a long 
cable possessing capacity, which wilt be dealt with more 
minutely later on. They also explain the error in esti- 
mating an electric current by dividing the electromo- 
tive force by the resistance, when that electromotive 
force is a rapidly variable one, and there happens to be 
any great capacity for electricity involved in the system. 
It has been already indicated that a voltameter pos- 
sesses capacity, and there is strong reason to believe 
that the tissues of the human body possess consider- 
able capacity, probably in the same way as a voltameter 
possesses it. 

If two Geissler tubes are placed in series in the 
secondary circuit of a Rahmkorff apparatus, and the 
pole of a condenser is connected with their point of 
junction, then either tube may have the intensity of its 
light increased by the junction of the other polo of the 
condenser with that electrode of the secondary coil to 
which the other tube is attached. That other tube 
suffers a diminution or extinction of its light at the 
same time. It is in what has been called the remote 
section. A precisely similar effect is the result of 
using the two hands as the poles of the condenser. Of 
course this experiment lies open to the suggestion that 
it is the conductivity of the body which, when inserted 
in the system in the above manner, would relieve the 
remote section, and throw more current through the 
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near one, that produces the effect observed. But there 
are other facts pointing to the conclusion, which can 
moreover be directly tested by suitable instruments, 
that the tissues of the body act as condensers of con- 
siderable capacity. 



CHAPTER VI. 

COMBINATION OF CONDENSERS WITH SELF-INDUCTION. 

The cases already considered of a circuit bridged 
over at one or more pairs of points by condensers bave 
not included tbe more complicated systems in which 
self-induction exists in any of the sections of the con- 
ductor. In practice a coefficient of self-induction would 
always exist in the section including the generator, and 
might be introduced into any of the other sections with 
the instruments inserted into them. It is therefore 
desirable to know what effect it would have upon the 
currents of the system. The general case may be 
represented by the following : — 




Cn 




Ca • 



Fio. 14. 



Here Ci, Cg, Cg, . . . C„, represent the capacities 

of the condensers, beginning from the remote end of 
the circuit. 

Ri, R2, R3, . • . R„, R, the resistances of the 

sections. 

43 
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L,, Lj, Lg, . . . Lu L, the coefficients of self- 
iuduction of the sections] ia the same order. 

6 represents the generator of the harmonically vary- 
ing E.M.F. 

Let T he half the period as usnal. 

To construct the proper diagram of electromotiye 
forcea, proceed as shown in Fig. 16. 

Take any line EC to represent the effective E.M.F. 
in the section R,. 

Set oft the angle GEQ in the direction of advaoce- 

meut, such that tan CEQ = -, Jry -> ^^^ draw CQ per- 
pendicular to EC. 
Produce QB to M, so that, QE : EM :: R^ : B,. 




At Q set off the angle MQN in the direction of 

advancement, such that tan 1^0^= '^ ^ ' and draw 

TR, + Ea' 
MN at right angles to QM. 
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Draw MF at right angles to CE prodnced, and cut- 
ting it in F, thns making the two triangles, CEQ, FEM, 

From F draw FO parallel and equal to MN, and in 
the same direction as that line. 

Join OE, and at E aet off the angle OEP in the direc- 
tion of advancement, such that tan OEP = =^ ; draw 

OP perpendicular to EO, and join PQ. 

Then PQ is the E.M.F. of the condenser C^, or if 
there be but one condenser, it will be the E.M.F. of the 
generator. 

EQ is the E.M.F. of the condenser C„ 
OE is the effective E.M.F. in the section Eg, 
and EC, by hypothesis, that in the section Rj. 

These points are proved as follows :— 

Since EC is the effective E.M.F. in B„ which 
possesses a coefficient of self-induction Lj, the impressed 
E,M.r. of this section must be such an E.M.F. as has 
its phase and magnitude determined aa EQ has been 
obtained from EC, i.e., it must be the hypothenuse of a 
right-angled triangle having the effective E.M.F. for a 
base, and the angle between the base and hypothenuse 

snch that its tangent is equal to ~r > ^^^ ^^^^ angle 

must be in the direction of advancement from the base, 

II Hence EQ is the E.M.F. of the condenser C,. 
I Since QE : EM :: R, : Rg, and the angle MQNhas for 
". , . C.ttR, R3 

its tanpent, ' ' - , 
TR, + Rg 

and NM = QM.tanMQN, 

ierefore NM = QM . C,_^rRi_Rj_ 
^ TKi + Rj 
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Hence .^- = C.-ir . ' — . QM . = -'- . QE, 

and NM is at right angles to QE ; 

therefore -^ is the charging current of the condenser 

Ci, or NM is the E.M.F. which, acting through 
resiatance E,j, would produce the charging current iot 
that condenser; and NM = OF. Hence -^ is tin 

charging current. But -g- ia the current in Rj 

charging the condenser in that section, and ^p- = ^-- 

Hence - - is that current considered as one of til) 
OF 



Therefore -.^ is the other component, i.e., OE is th( 

effective E.M.F. in the section Bj. 

But this section has a coefficient of self-induction L«; 
andtanOBP-^g. 

Therefore PE is the impressed E.M.F. necessary t< 
produce the effective E.M.F. OE in this section. 

But the impressed E.M.F. in Rj is the resultant of th« 
two E.M.F.s of the condensers Cj and Cj, and EQ H 
the E.M.F. of the condenser Cj. 

Therefore, finally, PQ is the E.M.F. of the condensffl 
Cj, or, if there be bub one condenser, Cj, PQ ia th( 
E.M.F. of the generator. 

The extension of the diagram to give the E.M.F.f 
involved in the next section, Ej, will be easily undem 
stood if the steps are merely indicated, as follows : — 
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QM' : QP :: E, + B, : E,, 

tBiiM'QN--^t??5>, QM'N'-T, 
TB, + E, 2 

OF :E0 ::E,:Ii„ 
F'O' is equal and parallel to M'N', 
O'K is eqaal and parallel to OP, 

tanKPF^^^, PKF = |. 

Then FQ is the E.M.P. of the condenser C^, or, iE 
there be but two condensera, of the generator, and KP 

is the effective E.M.F. in R^, i.e., -— is the current in 

the section E^ 

Again, from the two lines P'Q, KP, with a farther 
knowledge merely of the resistance and coefficient of 
self-induction of the nest section Rj, we can deduce the 
cnrrent in that section and the E.M.P. of the generator 
or condenser C4, as the case may be. Thus a complete 
diagram may be made showing the phases and magni- 
tudes of every E.M.F, involved. 

On contemplating Fig. 15 there is one important 
point to be noticed, viz., that self-induction in the 
sections by no means necessarily diminishes the currents 
in them, but up to a certain point may he actually 
beneficial. This cannot be the case when there is no 
capacity in circuit. Under such circumstances the self- 
induction must invariably diminish the current produced 
by a fixed electromotive force, but when condensers 
exist, it may happen that a smaller E.M.F. in the gene- 
rator will produce a given heating effect in the sections 
of the circuit by virtue of the self-induction in the 
sections, than would have been required had there been 
no self-induction. 



r 



I at J 

t isfl 



L 
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In tlie diagram, QO woaM have been the position of 
tlie line representing the E.M.F. of the condenser Cj 
had there been no self-induction in the section Rg. As 
there is a coefReient of self-induction L^ attaching to 
this section, the line of E.M.F. of the condenser Cg 
takes the position QP. Now OP ia merely drawn at 

right angles to OE, and such that OP = OE ^^. It is 

clear, therefore, that when the angle QEO is less tl 
180°, a, certain amount of self-induction will make Ql 
smaller. This will be the case until QPO is a righ 
angle, after which an increase in the coefficient of seli 
induction will necessitate a larger impressed E.M.F, t 
produce the given effect. 

Similarly if QPK ia less than ISO", QP' may be dimin 
iahed by increasing Lj up to the point when QP'K is 
right angle. 

When QP* ia at a minimum, and therefore at righfe. 
angles to KP', it ia parallel to PK, In other words, the 
phase of the impressed E.M.F. coincides with that < 
the current in the generating section. And similarli 
for every section the E.M.F. of the condenser C„ woul 
be a minimum when its phase corresponds to that of til 
carrent in R„, a condition settled by the proper finit 
value being given to L„. 

An important case ia that in which a generatoi 
operates in a circuit which is only closed by a condenser. 
If the condenser is a leaky one, the resistance through; 
the leak ia that represented by Bi, the remainder of tl 
circuit is represented by R^, for which there is a cs 
efficient of self-induction Lg. Here L, is zero, ai 
therefore in Fig, 15 the angle QEC will be zero, or 

"' coincide with 0, F with M, and with N, and tl 
diagram is reduced to Fig. 16. 
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When there is no self- in Auction, the impreBsed E.M.F. 
for given effective E.M.F.a in the two oircuita ia CO ; 




>mt as Lj increases from zero the impressed E.M.F. 
necessarily becomes smaller, as CP, where tan PEO = 
fj^. This goes on until P arrives at P', when the angle 

CP'O ia a right angle, at which point the impressed 
E.M.F. is a minimum. The condition that this shall 
be the case is easily deduced from the geometry of tbe 
figure, and ia expressed by the equation 
T^ f 1 1 



7r=c[L, CR,^j 



(") 



which shows it to be independent of Rg, or the resistance 
in the section including the generator. From the above 
the proper value for Lg may be deduced. It may, how- 
ever, be observed, that as long as L^ approaches the 
value indicated by this equation, all practical advantage 
will be gained, because, CP'O being a right angle, a 
variation in the value of the ang)e OEP' will only affect 
the length of CP* infinitesimally. 

The proportion in which the presence of the bene- 
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ficial coefficient of self-indue tion renders it possible to 
reduce the impressed E.M.F, is the relation which CP' 
bears to CO. This relation is expressed by the fraction 

_ Risin^a + Rj 

,/(R, + Rg}^ sin^ a + Ra^ cos^ a 
where a iathe angle OCE, i.e., ia the angle wlioae tan- 



gent is equal to 



CttRiR; 

trT+k/ 



The case ia still simpler where the condenser is not a 
leaky one. In this case R, is infinite, and in Fig. 16 
the point E coincides with F, and the line OE is coinci- 
dent with the line OF, so that OP, which has to be at 
right angles to OE, becomes parallel to CF, the circum- 
Btances being simply represented by Fig. 17. 




» 



From this figure it is evident that when the self- 
induction coefficient is of the proper magnitude to allow 
the impressed E.M.F. to be a minimum, as represented 
by CP', then this E.M.F. will also be the value of the 
eSective E.M.F. in the circuit, represented by OE, 



^Rhe 
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which is the vahii 



\ _ ' ■-, when R, is made infinite, and the taneentof 

T.Ri + Rg ^ 

But when P moves to P" these angles become comple- 
mentary to each other; that is, the tangent of one of 
them is equal to the inverse of the tangent of the other. 

Hence this condition is expressed by the equation 
CttH , TR, 
T Ltt' 

whence T -■«■ ycE! (^) 

Rg disappearing from the equation. 

This condition can also be deduced at once from the 
equation («) by putting Ri = infinity. 

The result may be Biitnioed up in the following 
words : — -When an alternating generator operates upon 
a circuit which is closed by a condenser without leakage, 
and which possesses a coefficient of self-induction, then 
there is a certain period of alternation which may be 
given to the generator, at which the condenser might 
be replaced by a junction introducing no additional 
resistance into the circuit, the coefficient of self-induc- 
tion being also removed, without disturbing the current. 
The condenser, in fact, in conjunction with the coeffi- 
cient of self-induction, will obliterate the effects of the 
breach of continuity in the conductivity caused by the 
infinite resistance of the condenser itself. Moreover, 
this state of things is quits independent of the resist- 
ance of the circuit itself, which will then simply regu- 
late the current in the same manner as with continuous 
uniform electromotive force. 
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It is to be observed that the advantage gained by 
establishing the critical relationship between the capa- 
city, the coefficient of self-induction, the period, and the 
resistance in the remote section, when that is finite, is 
simply one of diminished potential. It is not one giving 
greater direct economy, because the power at work will 
be the same whether that relationship is established or 

OE 

not, since (Fig. 16) the power is equal to ^r^- x PC mul- 

tiplied by the cosine of the angle between EO and PC, 

OE P'C 
i.<?., the power is equal to — ^ — - even if P does 

not coincide with P'. A similar remark may be made 
in other cases. 
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It has been pointed out that the current in a circuit is 
modified, by attaching two points to the plates of a 
jondenser, in aoch a way that there will actually be 
fferent currents in the two sections of the circuit. 
ten there is no self-induction in the remote section of 
B circuit, the current in that section will always be less 
a that in the section containing the generator. But if 
kere t'xists self-induction in the remote section, it may 
lappen that the current in that section will be greater 
iian the current in the section containing the generator. 
_ ect will depend upon the capacity of the conden- 

Berj the coefficient of self-induction in the remote section, 
the resistance of the remote section, and the period. 
When these matters are related to each other in a 
proper way, we shall get a larger current through the 
remote section thaa through the generator, and the 
arrangement forms a veritable Transformer, which may 
be called a Condenser Transformer. 

To examine the case, let ua express one of the currents 
in terms of the other by the help of Fig. 15, dealing 
only with one condenser. Remembering that EC, OB, 
are the effective electro-motive forces in the two sections, 
the remote and the near respectively, and that R,, R^ 
are the resistances in those two sections, we must try to 
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obtain the relatii 



D. between -=- and -^, which currentB 



may be called Ig and I, respectively. 

For brevity call the angle CEQ, /S, and the angle 
MQN, 7. 

So that tan j9= ' - 

and tan 7 — - —- . 




In the first place OF = MN = QM tan 7 
= Rj + R5 

R, 
= Ri + Rg EC 
R, ' coayS 
'Secondly, FE = ?^ 



'. QE. tan 7 
tan 7 



Also OE* = OF^ + FE^ ^ 20r.FE sin /S. 

In this last equation substitute for OP and FE i 
found immediately above, thus : — ■ 
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OE^ = / ^i + R2 y Bpa tan ^7 ^ /R2y jjC* - 2. ^1 + ^ 2^2 

EC^ tan p. tan 7. 

OE 
Divide through by R^^ and substitute I2 for -r^- and 

Clearing this expression of ^ and 7, we have for the 
relation between the squares of the currents, 

This is the equation from which to draw conclusions 
as to the relative magnitude of the two currents. The 
following are among the most important. 

(1) If there is no condenser the two currents are 

equal. Mathematically if C = o then y^ = 1. 

(2) If there is no self-induction in the remote section 
a condenser will always cause the current in the genera- 
ting section to be larger than in the remote section. If 

Li = o,then(J?^^l. 

(These two conclusions have been already established 
above.) 

Writing the above equation somewhat differently, 

@^,.?^-{cK,(:.(fe)-)-.x,} 

we see further : — 

(3) The relative value of the two terms 
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settles whether Ij is greater than I^, If the former is 
greater than the latter, then I^ is great-er than Ii, the 
current in the generating section greater than in the 
remote section, and vice versa, 

(1) The currents are equal when there is an equality 
between these two termSj i.e., when 



C- -,,- 



2L^ 



^•O-c^r: 



(S) If we suppose that Lj,T,R, are invariable) and 
consider C as varying from zero upwards, I^ is at first 
less than I„ though when C is zero l2 = Ii. 
2L, 



Aften reaches the valui 



-'H^f) 



i 



there is again equality between I^ and I[, Hence there 
must be some intermediate value of C which will make 
I, 



occurs when C = — ^ ^ ^, which is half the value 

which would bring I3 and ![ into equality. 

(6) In the case of .j^ being a minimum, which may 
be described as the case of maximum transformation 
upwards, i.e., from small to large currentj the ratio ( =^1 
will have the value 

Thus the greater the coefficient of a elf- induction andJ 
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the loss the resistance and the period^ the greater will 
be our power to transform upwards by this means. 

To give some idea of the magnitudes which might be 
involved, suppose a case where the period is the xtfryth 
part of a second, the coefficient of self-induction *04, and 
' the resistance of the circuit beyond the condenser 14*5 
ohms. Then a condenser of slightly under 48 micro- 
farads capacity would cause the current in the remote 
section to be double that in the generator's section. 
Shortly after the publication of the first edition of this 
work^ the Author successfully attempted upward trans- 
formation on the plan here indicated. The fact was 
communicated to a meeting of the Dynamic Society at 
the time. 




The problem of the evenly distribnted condenser differs ■ 
somewhat from the foregoing cases of condensers situ- 
ated at points of a circuit, in that the current in the 
conductor at different points is neither the same at two 
consecutive points, nor in the same phase. Each ele- 
ment o£ the conductor has its potential continually 
changing by the excess or defect of the flux of elec- 
tricity from and to the point considered. Thna the 
phase of the potential, the phase of the current, the 
maximum values of both potential and current, will vary 
according to the point of the conductor considered. 
Mathematical analysis will serve, therefore, rather 
better than geometrical demonstration. 

The differential equations which express the con<J 
dition of flow at a point are easily obtained. 
Let E be the potential at a point P, 

E + S E be the potential at a point Q, at distance Sit' 
from P, 

p be the resistance of unit length of the c 

ductor, 

C be the capacity of unit length of the coi^ 

ductor, 

I be the current at P, 

I + 51 be the current at Q, 

be an element of time, and Bx oi length. 
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Then plx is the resistance between P and Q j tberefore 
— =— = — I, the cnrrent being positive in the direction of 

the increase of x. Therefore, — = — pl- ■ - (<*) 
dx 

The difference between the current at Q and P has 
during the time ht diminished tbe potential of the 
element PQ. Since SE is the decrease of potential and 
CSa- is the capacity of the element, the quantity of 
electricity which has left the element PQ is — C 5 a: . S E, 
and must be equal to the balance of the electricity 
leaving and the electricity entering the element during 
the small interval & t. 

:. tl.tt^-Chx.h^. 
Therefore, ultimately 



\ 



:^-c« . . . . w 



By differentiating [a] 

d^' '' dx 

A combining this with {&) 

d^E „ ,7E 



Then these equations must be true in the complete 
solution of any particular case. 

In the case of an infinitely long conductor, if subject 
to an impressed alternating E.M.F. e whose period is 
2 T, the time being measured from its zero phase when 
its value ia increasing (or from the epoch of its ascend- 
ing node), the solution is 



r 
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ip J- \ 2-ir i /} 

Here ic ia the distance from the point at which the 
alternating potential has its maximum value e. 

The proof of these formulBe rests upon their satisfying 
the equations (a), {^], [y], and the condition that when. 
a! = 0, the maximum value of the potential ia e. 

Among points worthy of notice in these formula, are 
(1) that at any point whatsoever the phase of the cnrrent 
precedes the phase of the potential by the same interval 
of time, viz., | of the whole period of revolution, ex- 

T 

pressed by — . 

(2) Since the phase of either potential value or 
current is continually postponed in proportion to x, we 
have a series of points eqnidistautly situated along the 
line which are in the same phase of their alternation. 

This distance is equal to 

which may be called the wave length of the undulation,'] 

The series of points bisecting this first series are in J 

an opposite phase. 

(3) Although the total resistance of an infinitely | 
long conductor is infinite, still there may be a coa*J 
siderable flow of electricity at any point, if there 1 
capacity distributed along the conductor. 

The effect of the current on the dynamometer at ai 
point, X, will be such that if Ii ia the direct curreol 
giving the same reading on the aame instrument 
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The reading of the dynamometer iriU be — 



*^2Tp" 



V 2T-^- 



, e'ijTin which is equal to — ^ 
iip 2( 



By the reading of the dynamometer is meant the 
angle of the index on a uniform graduation in which 
the unit angle is that indicated when a direct uniform 
nnit current is passing through the instrument, the 
coils being in aeries. Under these circumstances, when 
an harmonic current is passing through the instra- 
(Sent, of maximum value Ij then the reading will be 



A uniform current, I, would of course produce a read- 
pug P. 

In what follows, therefore, the dynamometer reading 
may be taken to mean the value of half the square of 
the maximum value of an harmonic current. 

The equations (S) give the values of the potential and 
the current at any point of the conductor and at any 
time. They indicate that these quantities vary har- 
monically, and the factors which are outside the periodic 
function of the time give the maximum values of the 
quantities. 

If we were to divide the maximum value of the 
intial by the maximum value of the current, we 
ifaoald of course get something of the order of resist- 



r 
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ance, TCliicli might; in a certain sense be called ' 
equivalent resistance. Performing this operation, 
resistance will be fonnd ia-he in every case /Tp^ 

Call this quantity B; it will be wanted in comparis< 
later on. 

Since, however, the phase of the E.M.F. lags behin 
that of the current by ^th of the period, it would 1 
instructive to make the case parallel to one in which % 
generator of B.M.F, equal to that afc any point < 
sidered plays into a circuit of resistance r, closed by i^ 
perfectly non-leaking condenser of capacity K, ana 
endeavour to find what values must be given to r 
K, so that the current may be the one at the point con« 
sidered in phase and magnitude. Then r and S mag 
be more properly called the equivalent resistance ana 
the equivalent capacity of the infinitely long circuit. 

The necessary values are found thus : — 

Since the current precedes the E.M.I', by one-eightfl 
of the period, the gooiuetrical diagram of the E.M.FJ 
concerned will be a right-angled triangle, having each o 

the smaller angles equal to -, 



Hence 



Kirr 



tan-^ 



= 1. 



K= -. 



Again, the effective E.M.F. bears to the impreaaej 
E.M.F. the relation of 1 : \/2, as gathered from thj 
diagram; and the effective E.M.F. divided by the resiatj 
ance is equal to the current. 

Calling a the impressed E.M.F., i.e., the ma 
value of E, 
/3 the effective E.M.F., 
,7 the current, i.e., the maximum value of I, 
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for the sake of putting the above statements i 
braical form, we have, 




and K^i ^^-^*- -^ ""■'■ ' 

TIinB the equivalent resistance varies as the square 
root of the specific resistance, and inversely as the 
square root of the specific capacity. The equivalent 
capacity varies as the square roob of the specific 
capacity and inversely as the square root of the 
specific resistance. Both quautities vary as the square 

T 

root of the period. Their product is equal to — , de- 
pending merely ou the period. 

We have now to consider the cases where the con- 
ductor is not infinitely long, but has a length I. 

The two important cases are — - 

(1) WTien the distant end is put to earth, and is kept, 
therefore, at zero potential. 

(2) When the distant end is perfectly insulated, and, 
therefore, is subject to zero current at any instant of 
time. 

These cases are in reality very similar to each other. 

Suppose, aa before, that the conductor is infinitely 

long, and that at a point 2 1 distant from the zero point 

the source of another alternating E.M.P. is inserted, 

whose maximum value and period are e and 2 T respec- 
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tWely, as in the primary case, l)at whose phase is exactly 
opposite to the E.M.F. at the zero point. It is clear, 
then, that the point I from the origin, since it is equi- 
distant from both sonrcea, haa its potential raised as 
mnch by one alternation as depressed by the other, and 
the potential will remain, therefore, at zero. The point 
may be put to earth. For the potential and current at 
any point between and I we have merely to add the 
effects of the two alternations. We have already ex- 
pressions for the primary source. Calling those due to 
the secondary source reflected potentials and currents, 
we have as follows : — 

The reflected potential at any point and time will be 

and the reflected current, positive towards the origin of X 
. (2!-j!) 






^ 2T 



'»r{'V^^P<- 



Combining the original effect and the reflected e£Fec4^, i 
and writing for brevity -y ^j=- = o, we have for i 
potential at any time and place — 



-2a{l- 



''coa2rt(i — 






-2a(l- 



n[^'-«a; + y|,,j 



-2a{{-x) 



i2ail-x) 
cos 2a (^—x) 
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which shows that the phase of the potential is advanced 
by the finite conductor being put to earth, compared 
with the phase at the corresponding point of an infinite 
conductor. 

The current at any point of time or place I is given 
by 

T , /Ctt „— (w;fi , —4a {l — s")^ 



,-^-1}-') 



where 



tan z 



1> 

COS 


2a [l-x 


) ""It 


tta 


t- 

+ 




-2a [l^ 


"'.in 2„ ((- 


I 





-2a [l- 



1 + e -*\' -;coa2a {l~x) 
which shows that the phase of the current is delayed 
by the finite conductor being put to earth, compared 
with the phase at the corresponding point of an infinite 
conductor. We cannot, however, say that the current 
and E.M.P. at any point differ in phase always by the 
same amount. The amount varies at different points. 

These formulfe enable a comparison to be made of 
the squares of the currents, as indicated by a dynamo- 
meter, at different points of a line. The dynamometer 



2f /)• 



*(l+,-4«(^-^)+2.e-^'*('~*) 



This, when x — 0, is equal to 

., when K = Zj it has for value 

a Cw- - 2al, 



f 
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The relation o£ the former to the latter is therefore 



^i\t-' +e +aeos'^a(J . . ■ . \e) 

Which is eqcal to the series 

/± /A 

and, therefore, always more than unity, however small 
I may he. Honce the dynamometer reading is a mini- 
mum at j: = Z. 

This case corresponds to that of an alternating cnr- 
rent machine in connection with a uniform cahle pos- 
sessing capacity. The point x = I corresponds to a point 
of the cable half way between the terminals of the 
machine, at which point the potential is zero always, 
and e corresponds to half the E.M.F. of the machine. 

The comparative reading of the dynamometer at any 
point distant I from the central point in either direction 
will be 

It is clear, therefore, that three readings of the i 
dynamometer at points at measured distances apart 
from one another will suffice to determine the value of 



A' ^2T' 



therefore, if p, the rate of resist- J 

ance, and 2T, the periodic time, are known, C, the.J 
capacity of a unit of length of the conductor, can 1 
accurately determined. 
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If we employ the symbols of hyperbolic trigonometry 
tlie expression (e) may be written 

cosh 2T/ + coa Inl 



that is to say, the relation between the dynamometer 
readings at any point distant I from the central point 
or point of no potential, and at that central point ia 
expressed by the mean of the hyperbolic and circular 
cosines, a result given before the Society of Telegraph- 
Engineers and Electricians by the Author. 

If there had been an ordinary conductor possessing 
no electrical capacity, but of such a resistance, B, that 
an alternating E.M.F. corresponding to the potential 
existing in the condenser cable at & point, viz. : — 



aarf, -4a(/- 



-2e' 



-2a{l- 



^ta{l~x)\ 



\h 



would produce the same effect on the dynamometer as 
is observed, then 
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cos2fl!- 
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+ e" 
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+ 2.-2«('-')coB2»r 
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We deduce 
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If 2 al^e, for brevity 



-VI, 



/i Iji^^/io^ 



9- «• 

-aYB*- ■ ■ 

When ^ = the term in the bracket ia equal to zero, 
when 6= co it is equal to unity. 

Hence B increases from zero to /^ ^, as I increases 
from zero to infinity. 

Thus it will be seen how little the virtual resistance, 
as far as the dynamometer at the generating station ia 
concerned, is increased by increasing' the length of the 
cable. In fact, the virtual resistance tends to a limit- 



ing value V 0^' 



The case of the open circuit diSers from the last in 
that the source which produces the reflected current 
and potential is in the same phase as the primary 
source, so that the currents at the middle point neu- 
tralize each other. As in such a case no current passes 
across the middle point, the variation of the potentials 
along the line ia entirely due to the propagation of 
elasticity at the primary source ; the conductor may be 
cut at the middle point and the end treated aa free 
and perfectly insulated, a point of no current, as in the 
former case it was a point of no variation in potential. 

The reflected potential will be 



vs 



X) 



W' 



>CT,, 



.nd the reflected current, positive towai 
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- \/''-^m- 



Combining the primary and secondary effectSj and 
riting as before ^J ^-^^ = a, we have for potential at 
iiny time and place 

Ji + e ' ' +2u ^ 'cos2a(i-x)p 



here 



tan y = - 



-2a{l^ir) 



s 2a(l-w) 

Irhich shows that the phage of the potential ia posfponed 
by the Jinile insulated conductor, compared with the 

iliase at the correspond in g point of an mjinite con- 

bctor. 
The cnrrent at any place and point of time ia given 



, /(JTT — ax 



h+,-Mi-'=)_ 



2,-2»('-^)„,2a(i-;r)}ism(I,'-.u, + 5 + ,), 



•here 



tau 2 



-2a{l-x) 



sin 2a(l — 



1-e ^"(' '^^ cos2-,{l-x) 



hich shows that the phase of the current is advanced 
the Jinile in--«ilalcd conductor, compared with the 
phase at the corresponding point of an infinite con- 
ductor. But in this case also the difference of the 
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phases of E.M.F. and current differs at different poiiL^ 
of the circait. 

The dynamometer reading for any point will be 

2e ^ 'cos 2all-x) > 

If we write i — a' = (i, and therefore x~l — d, we ha" 

for the dynamometer readiiij^s at distance d from t 

free end 

nCTT -2a(Z-cZ)f. -iad „ -2ad „ ,\ 
e* -.e ' 'jl + e -2e coa2adt ^ 

-'^2tV ' r"" '^' 

_ jCtt -2al ( 2ad -2ad 

Which may be written 

e^P"!!: er^'^^Loah 2ad-cos2ad\ 

As in the former case, the virtual resistance B maw 
he found by dividing the maximum value of E by thm 
maximum value of I; whence, 

g_ ^Tp f l + .-M'-'')t2.-2»(i-»)„ 



2cos2ad( 



In this expression put x^O and (for brevity) 2al = 



Then B becomes 
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f tf = 0. I.e., when the length of the conductor I 
lishes, the expression in the bracket is infinite. But 
6 is infinite, i.e., when the length of the conductor 
nfinite, the expression in the bracket becomes equal 

unity. Thus B diminishes from infinity to^^ 

I increases from zero to infinity. Thus, in every case, 

— ^ is the virtual resistance of an infinitely long 

)le, whether put to the earth or not. 
Che expressions for B may be made extremely simple 
using the symbols of hyperbolic trigonometry. In 
) case of the conductor put to earth at distance I 
m the point of observation, we have 

g _ A /T /J (cosh 2aZ — cos 2al\^ 
Ctt X cosh. 2al + cos 2al ) 

i in the case of the conductor having a free end at 
tance I from the point of observation. 

B2= A /T /g J cosh.2aZ + cos 2al \\ 
Ctt ( cosh. 2al — cos 2al) 



CHAPTER IX. 

DIBTEIBOTED C0NDEN8BB (continued) — TELCPHONT. 

Bi the help of the formulas which have been giveaj 
especially of those connected with the case in whitlj 
the cable is put to earth, we can deal with some i 
portant questions in long- distance telephony, 
falling off in current corresponds to the failing i 
intensity of tone produced. The fact that this falliigp 
away in current depends upon the periodj being greater I 
as the period is smaller, will explain the alteration in 
character of a composite tone, those components whxsh i 
have a higher pitch suffering more decay than lowei^ 
notes. 

Table A, in the Appendix, will facilitate the calculai 
tiou of such effects. As an example of the uae of the 
table, suppose the following problem : — 

A cable possessing '2 microfarad of capacity per kilo- 
metre, and a resistance of 2^ ohms per kilometre, ia 
40 kilometres long. What will be the relation of the 
current at the sending end to that at the receiving end 
for a tone whose period is ttIo of a second ? 

Adopting quadrant units, we find that since the cable 
has '2 microfarad per kilometre, it has "002 farad in 
one quadrant j therefore, C = "002. 

Since the cable possesses 2'5 ohms in one kilometre, 
it has 25,000 ohms in one quadrant; hence p = 25,000. 
The period is ^ o£ a second ; hence 2 T= ^. 



J 
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Since the length o£ the cable is 40 kilometres, / = '004 

f a quadrant; hence a, which is equal to isj p-^, haa 

• valae y25,000 x -002 x tt x 500 ; or « = 280-25, and 
k a Z = 2'24, which is the number corresponding to 8 in 
iie table. 

ing, therefore, horizontally between the lines 
Beaded 22 and 23 and in the column headed 



*06 by interpolation. This number is the relation of 
ie square of the current at the sending place to the 
tsqnare of the current at the receiving place. The 
relation of the currents themselves will be the square 
root of this number, i.e., about \^%. 

Now, suppose we investigate what takes place with 
the note one octave lower than that already considered. 

lothiB-" '"^- ^ 

and 2 a I will be 1'59, the number corresponding to 8 in 
the table. 

The value of ''"^^ ^ ^ ''"^ ^ , for this value of 9, will 

be found from the table to be 1"265, and the square 
root of this is 1'12.5, so that for this note the telephone 
current is reduced in the ratio of 112 : 100. For higher 
notes, the falling off of the currents would increase 
very rapidly. At the octave above the first note con- 
sidered, the current would be reduced more than in the 
ratio 300: 100. 

Now the notes considered come well within the range 
of human tones in speech. The fundamental tones of the 
Toice are, moreover, richly accompanied by harmonica 
of a high order, by means of which, however oncou.- 
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Bciously, we interpret under ordinary circumstances the 
Bounds received upon tlie ear. All such harmonics 
would suffer very materially in tiie course of the trans- 
mission. 

Thus, at the end of a cable of any considerable 
length and capacity the various tones of the voice 
would be received in a state of degradation depending 
upon their pitch. If this were not the case, if all the 
tones were reduced in strength in the same proportion, 
a relay might be employed to restore the various cur- 
rents to their original intensity, or to one in which 
the ear would readily appreciate the meaning of the 
tone. But the ear has not the synthetic power of re- 
constructing a composite tone from the wreck of 
variously degraded components. In this consideration 
reside the limits of telephony. And until it is more 
clearly understood than it seems to be at present, people 
will fail to understand the exquisite nonsense to which 
they are often now content to listen about the possi- 
bilities of being able to catch the minutest modulations 
of voice of a trans-oceanic prima donna, aud so on. It 
would be more to the purpose to endeavour to keep 
2 rt / small. Lord Rayleigh at Montreal looked to alter- 
nating currents " to educate so-called practical elec- I 
tricians whose ideas do not easily rise above ohms andifl 
volts." It is to be hoped that this anticipation will bal 
realized, for unfortunately the imputation conveyed iftfl 
too well deserved. In a book specially published bj^fl 
the Institution of Civil Engineers in 1884, upon thsV 
practical Applications of Electricity, there is a paper 
hy Sir Frederick Bramwell on Telephones, in which the 
following sentence occurs : — 

" You all know that if an iron plate . , , be caused .j 
to approach towards or recede from a permanent magi 
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net, thafc magnet being surrounded by a coil of insalated 
wire, there will be set up in the coil of wire electric 
currents, which will vary in direction according as to 
whether the plate is approaching the maguet or is 
receding from it." 

In this sentence it is clearly assumed that the in- 
duetioDj whose phase accompanies the phase of the 
plate's motion, is also accompanied in phase by the 
current. The mistake is made, that induction is of the 
nature of current, instead of electromotive force. The 
induction produced by the plate's motion is the im- 
pressed electromotive force, but there may arise elec- 
tromotive forces of self-induction, and those due to 
capacity in the conductor, which would cause the 
current to have a phase differing from that of the 
plate's motion, and to suff'er at the same time a diminu- 
tion in strength, both effects depending upon the pitch 
of the note producing the vibrations of the plate- 

These are the effects which will ultimately give a 
limit to telephony. But farther on in the same paper 
we read, "As many persons have asked, "What is the 
limit of possibility ? I would say, that I should think it 
depends practically on the excellence of the insulation 
and the avoidance of induced currents." 

Now, if by induced currents is meant currents pro- 
duced by accidental induction from outside, it seems 
likely that such currents would not so materially affect 
the interpretation of the sound as would the degrada- 
tion of the currents which it is desired should be trans- 
mitted. For the ear, which is ultimately the organ 
to interpret, is every day practising the art of dis- 
criminating between two or more contemporaneous and 
, BUperimposed sounds. The ear is, in fact, an excellent 

lalyaer, but for the process of recomposition necessary 
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befoFQ a, degraded composite tone can be truly inteiv 
preted something more tban power of Eiiialysis ia necea- 
Bary, and this the ordinary ear does not poasess. 

To return to investigation. The dynamometer read- 
ing at distance x from the generator in a cable put to 
earth at the distant end is 

oCtt -2ax -2«a-a;) f 2a{l~x)^ -2a{l-x) 

^2T/ « J. -Ha 

+ 2cos2«(i-a;) 
, Ctt -2al 



'Up I 

s Ctt - 2al 



cosh 2a {l — x) + cos 2a [l — x] l- 

cosh 2ad + cos 2ad f ; where d la thi 



distance from the remote end, and for a cable whoaa 
end is insulated, it ia 

«'-TTT— « < cosh 2a(i — cos 2arf>, 



The relation 



cosh 2nd + cos %id 



k2Ltd-con2ad' 
Now, a reference to the second and third colamna of 
the table ahowa that the numerator of this fraction does 
not always exceed the denominator. At certain values 
of 2ad, those in fact for which cos 2ad is equal to zero, 
and which recur periodically, the numerator ia equal 
to the denominator, and the excess changes sides. ThO' 
first of such cases occurs between 6 = V6 and d= 

).e.,when ^ = 1=1-57. 

If, therefore, the length and structure of the cable 
and the period of alternation are such that 2al is greatw 
than 1'57, there will actually be regions of the cable 
at which, as far as the intensity of the currents receired 
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is concerned, ib would be better if the circuit were an 
open one than that the distant end should he put to 
earth ; and as we increase the length of the cable this 
state of things alternates with the other at fixed dis- 
tances from the far end in the following way : — 

Deduce a distance X such that 2aX = ^; 

whence ^-^-V^. 

and set off from the far end distances corresponding to 

X, 3 X, 5 X, etc. 

Then in the region within X of the far end the current 
will he greater when the end is put to earth. In the 
region, length 2 X, between 3 X and X from the far end, 
the current will be greater when the end is insulated. 
In the next region of length 2 X, it is best to put the 
far end to earth. And so on alternately for every 
length of 2 X. At the points where these alternating 
regions join, there will be the same current under both 
circumstances. 

This distance 2 X is one quarter of the wave length 
of the undulation in the infinite conductor {vide p. 60) . 

For the cable and note given in the example, the 
length X is 28 kilometres. 
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The problem of the transmission of power by means ot*! 

harmonic currents admits of being readily treated by 
the geometrical method, in the same fashion as local 
condensers and induction problems, and, moreover, 
some interesting particulars are rendered so plain by 
the use of geometry aa almost to be self-evident. 

To give a preliminary notion of the possibility of -1 
such an action, imagine an ordinary galvanometer sub- 1 
jected to alternating currents. The impulses on the 1 
needle considered as fixed would be as often and i 
strongly in one direction as in the other. But suppos 
that after an impulse in one direction the second and 1 
contrary impulse is not given until the needle has paused .A 
over the dead point position, which will be at right angleaV 
to the coils. In this case the second impulse will onlyj 
add to the speed of the needle's rotation. Postponor 
the third impulse similarly until the second dead point Jl 
has been passed, and again there will be positive 
acceleration. This elementary form of the problem 
enables the possibility of the motion to be conceived. 
But it does more than this, it shows that the direction 
of motion of the receiving machine is indeterminate. 
The impulse must always tend to give the needle one 
direction of rotation; but the direction simply depends J 
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rpon which side ot tlie dead point the needle may 
^happen to be. Electric transmission of powers admits, 
^therefore, of the following classification : — 

A magneto machine giving a direct current and 
employed as a driver gives a current varying with its 
direction. 

A similar magneto machine used as a follower takes 
xk direction varying with that of the current. 

A dynamo electric machine giving a direct current 
and used as a driver gives a current whose direction is 
indeterminate. 

A dynamo electric machine used as a follower takes 
a direction determinate and independent of that of the 
current. 

An alternating machine, whether used as a driver or 
a follower, may ran in either direction indifferently . 

Fie period of the follower coincides with that of the 
Lver. 
To treat the question more generally and exactly, it 
must be remembered that in a simple circuit, possess- 
ing no capacity, and subject to sources of alternating 
electromotive force of the same period, we may combine 
all the electromotive forces into one having that period. 
Thus if AB, BC, CD, DE, EF, are a number of lines 
representing in magnitude and phase the various electro- 
motive forces, and AF be joined, then AF is the single 
electromotive force which will produce the effects ob- 
served. If there exist self-induction or mutual induction 
the diagram can be completed in the manner already 
indicated in earlier articles, using AF as the single 
impressed B.M.F. We shall thus obtain a line repre- 
senting the effective E.M.F,, which will be in the same 
phase as the current. Dividing this by the resistance 
we can compute the current ; and if WQ vnMiX^v^Vj 'Oaa 
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tesnlt by the projection upon this line of the line re- 
presenting any of the individual component electro- 
motive forces, and divide by 3, we shall obtain a meaaure 
of the power at work in the particular corresponding 
source. Now the projection of any individual hne will 
be positive if the angle between it and the line of 
effective B.M.F. be less than a right angle, and negative 
if this angle be greater than a right angle. 

In the former case the power is positive, and the 
source does work. 

In the second case the power is negative, and the 
source has work done upon it. 

Thus, in Fig. 18, let AB, BC, CD he the electromotive 
forces of three sources, laid down in their respective 
phases. Then AD is the resultant E.M.F. 

The angle EDA has its tangent equal to ^j^, 

where L is the coefficient of self-induction of the 
circuit, 

R is the resistance, 
and T is the half period of the undulation. 

AE is at right angles to DE. 

From C and B, CC, BB' are drawn perpendicular 
to ED. 

The power eserted by source of AB is therefore — — .EB' ; 
similarly the power exerted by source of CD is — -- . CD. 

But the power of the source of BC is seen in the 
diagram to be negative. Hence this source has work 
done upon it with a power equal to -^^. C'B'. 

Such a source would constitute what is called a 
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motor; i.e., it maybe loaded in the mechanical sense 
of the word, and made to do work. 




It will be seen that had the coefficient of self-induction 
been small, and B nearly coincided with A, the pro- 
jection of BO upon ED would have been positive, and 
the source of BO would not have been a recipient source, 
but would have had to do part of the work of heating 
the circuit. 

Having settled these preliminary ideas, let us suppose 
a case where the sources are two in number, repre- 
sented in magnitude and phase by AB, BO (Fig. 19), 
of which BC is the smaller. 

Upon AB as diameter describe a circle, and join AO 
and produce it to cut the circle inD. 

From OA in the direction of retardation set off the 

1 inr 

angle OAF, having a tangent equal to j^^, the line AF 

cutting the circle in F. 

L, T, and R, have the usual significations. 
Draw OB perpendicular to AF. 



Al. Ou. 
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Join BB, BF, which Ym 
AD, AF, respectively. 



?ill be at right angles to 




Then, calling for brevity the source o£ AB the source 
A, and the source of BC the source C, we have — 
AE.AF 



The power eserted by S( 
The power- 



work on Source C = - 



2E 



Thus work will be done upon C so long as E lies 
within the semicircle AFB, upon which F always lies. 
Bat if the coefficient of self-induction is sufficiently 
increased, the angle DAF will open out, and F will move 
along the circle towards A until FOB are in one straight 
line. This condition obtains when L is large enough 
to satisfy the equation. 



Ltt 
TR 



sm ff — cos a 



where 6 is the angle ABC, and AB = e, BC=/. 

If BC is BO great that the point C approaches the 
circumferencej C will for that reason alone cease to be 
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a recipient source, for the projection of BC upon the 
line of effective E.M.F, will either vanish, if the co- 
efficient of self-indnction is evanescent, or be positive 
if this latter has a finite value, in which case the sonrce 
C does work. 

But suppose that matters are represented actually 
by Fig, 19, in which the source C is, suppose, loaded 
to the extent represented by — ■ ' ■ , There will be a 

condition of equilibrium, but it is necessary to show 
that such a position will represent utahh equilibrium ; 
that is to say, it is necessary for steady motion that, 
if the angle of phase difference CBA be slightly varied, 
there shall be a restitution o£ the exact position and 
not an augmentation of the displacement. 

For the consideration of this point we may suppose 
the phase difference to be the only variable element, 
the two electromotive forces and the coefficient of 
self-induction remaining constant. 

With a variation of the angle ABC, C evidently de- 
scribes a circle round B as centre. Now AE always 
bears the same relation to AC, viz., the cosine of the 
angle BAC, which remains always the same, since the 
coefficient of self-induction does so. Therefore, what- 
ever curve C describes round A, E will describe an 
exactly similar one on a scale diminished as the cosine 
of the angle EAC. 

The curve which E describes will therefore be a circle 
whose radius is equal to CB cos EAC. 

The two circles described by C and E will not, how- 
ever, be similarly situated with regard to AB, but since 
EA makes a constant angle with CA, the circle described 
by E will be displaced in the direction of retardation 
by the amount of the angle EAC, at the saiaa \.\.aiife 
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that it is diminished, and drawn nearer to A in the 
proportion of the cosine of this angle. 

We thus arrive at the following construction, which 
to- avoid confusion of lines we employ in a new figure, 
viz., Fig. 20. AB is the electromotive force e of the 
driving machine. BM is cut off from AB, so that BM 




Fig. 20. 



represents the electromotive force / of the follower in 
magnitude only. MCK is a circle described with BM 
as radius. BDK is a circle described on AB as di- 
ameter. BAD is the angle whose tangent is equal to 

^, and is set off from BA in the direction of retarda- 
TR 
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lion. MN is a> perpendicalar upon AD, so tliatDN = 
BM COS DAB ; SNEQ is a circle described with centre U 
and radius DN, cutting the circle BDK in Q, and R and 
MB in S. Then, since AN : AM :: ND : MB :: cosine 

DAB : Ij and tan BAD= "'j., from the foregoing con- 
siderations the circle SNEQ is the circle descvibed by 
ihe point E of Fig. 19. 

Now, let BC be some particular position of the 
E.M.F. of the followerj and E the corresponding point 
upon the circle whose centre is D. 

AE produced cuts the circle BDA in F. 
Then the following proportion holds good. 
The power exerted by A : power transmitted to : 
power expended in circuit : : AF : FE : EA. 

Now, suppose a displacement of BC to take place 
Iffhich diminishes tlie angle ABC — i.e., C is displaced 
iowai'ds M, then evidently E is displaced also towards 
1 but F is displaced from Q, and therefore AJP and 
FB both become larger. 

But AP is proportional to the power exerted by the 
driver; therefore a greater load is thrown upon the 
)rime mover, and AB will be displaced in the direction 
of retardation; i.e., the angle CBA will tend to open 
pat again for this reason. 

But, further, the power transmitted to C is pro- 
jortional to FE, and this is increased. The load on C 
being fixed, and the power being now more than is 
necessary, the aonrco C will race. Hence, for this 
1 also, the angle ABC will open out, and regain 
fits original size. 

Now, suppose that C is displaced in the direction 
f from M, which would be the same thing ns sup- 
losing a retardation of the driver. 
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In this case AF and FE wonid both beoome smaller. 
Therefore, the prime mover would race, and so AB 
woald advance to close the angle ABC. The source C 
would have its power cut off, and the load remaining 
the Bame, BC would bo retarded, and again the angle 
CBA diminiahed. J 

Heuce such a position would be one of stablefl 
equilibrium of the motion, H 

As with a magnetic needle in a field of force, there 
are two positions of equilibrium — one stable, the other 
unstable; but these points are not [as in the case of the 
magnetic needle) exactly opposite to one another. On 
the contrary, the two positions tend to approach each 
other as the electromotive forces tend to equality, and 
the angle between their positions is the angle through 
which the follower may be retarded without perma- 
nently upsetting the stability of the motion; but if the 
displacement exceed this amonnt, the follower would 
tend to fall back more and more, and would ultimately 
come to rest. 

There are two positions for E in which no power is 
transmitted, viz., those which correspond to the points 
where the two circles SNEQ, BDQA, cut one another, 
Q and E. If E lies in the section QSR, power is trans- 
mitted to the source C ; but if E lie on the other 
portion of the circle it describes, power is exerted by 
the source C, 

For any direction, AE, there exist generally l 
points where a line drawn from A cuts the circlfl 
SNEQ. Let E and Eg be such a pair of points. 

Let C^ be the position of C corresponding to Ej 

Now, the power exerted by source A for this pt 
will be — n^j — , and that exerted by source C will heM 
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AV "WW 

— ^~ — ^. The relation of tlie latter to the former is 

AF* 

Now, as E^ moves round from Q to B, on the line 
QEjR, the above relation starts from zero, passes by 
positive values through a masimum value, and ends 
again at zero. There will therefore be two positions 
when the relation of the powers has a fixed valuCj and 
one of these will be a position of stability, the other 
unstable for one or other of the sources. 

To express the various powers which have been dealt 
with in terms of the angle ABC, which is the angle by 
whicli the difl'erence between the phases of the two 
electromotive forces falls short of two right angles, 
proceed as follows: Call this angle ff. Also call the 
angle BAG, 0, and the angle BAD, ^. 

It is first to be observed that the triangles DE A, BCA, 
if completed, are similar to each other, since each side 
o£ the former bears to some one side of the latter the 
ratio cos 0, or geometrically, 

AE = AC cos 
ED = CB cos ^ 
DA^BAcos^. 

From the triangle ACB, AC : BC :: sin : sin A, 



or 

1^ 



lerefore 



AC=/t 
AE=/ 



,. cos f3 B 



Also from the triangle ABC, 

e sin A + t) „ . , ■ a 

-.— —^—i— =co8 p + cot sin a, 
J sin 9 

^d from the right-angled triangle AFB 

AF - AB cos FAB = « cos "^t^. 
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Hence, AP AE= b/cos /S sin <? - 
= ef cos^ ^ 



- is equal to 



?/cos*^(-.— cosfll — e/cos^ainjff s 
!'co3^-/cosfl-/3}. 
at work 



source 



(«)., 



Therefore, 
AFAE 
2R 

fe^CQS^ff-e/ 'coa ff COS F^ 

'2"E .... 

which ia in the form desired. 
Again, from the triangle CEA, 

AE =AC cos CAE = AC cos ^, 
.-. AE«-AC*coa^/3, 
and from the triangle ACE 

AC^ = BC" + AB^ - 2BC . AB cos ABC, 
=/* +e2 _2e/co3e. 
Hence, AE^-cos* /9 {e^+/*-2e/coa 0], 
or the power employed to heat the circuit, being -^^^j' 

equal to 

'>'■' cos* ;8 +/* COS* ~ 2fif cos 6 cos* 8 /m 

- ^^^ ~ . . . . ;^J. 

The difference between these two powers ia the pow( 
transmitted, and therefore doing work upon source ( 
Hence the power transmitted is equal to 

ef cos 8 cos ^ + /S — /* cos* ^ , , 

2E, ~ .... 17J- 

The efficiency of the transmission ia found by dividiil 
this expression (7) by the expression (a) for the pow( 
of source A. The efficiency therefore is equal to 
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/( ecos e + jti-'f cos 
^\e cos 13— f cos 6 — 



(8). 



In Figure 21, let AB = e, and the angle BAD = )8. 
BDA is a circle upon AB as diameter, whose centre is K. 
Let D be the centre of the circle which is the locus of 
E of former figures, cutting BDA in Q and R as before, 
and AD and AD produced in N and P. Join DK and 
produce it both ways to cut this circle in B^ and Eg, 
the point K being in DE^. Also draw E4DE3 parallel 
to BA, cutting the same circle in E4 and E3, making the 
angle E3DA equal to 0. 

The expression for the power of A shows that it is 
greatest when 6 = 'n' + 0, and least when = 0, but it. is 
always positive so long as e cos is greater than /. 
When this is not the case it is possible for the source A 
to have work done upon it. 




Fm. 21. 



Then ADEg is the angle giving the value of 9 when 
the power exerted by the source A is least, and ADE4 
(greater than rr) is the value of for the greatest power 
of A. 



r 
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The expression for the transmitted power working 
on C given by equation (7} shows that that power is 
greatest when B^ -jS, i.e., ADE, ia the value of 6 for 
this condition, and when 5 = w — ^, i.e., ADE^, the power 
working on C is negutivo and a minimnm, i.e., C u-ovtd 
have to do its grentust work. 

The circle which E describes is now divided in the 
important points QEEjEjEaE^ and from the above con- 
siderations we can discuss the question of the stability 
very conveniently. We shall suppose E to move round 
in the positive direction. 

As regards the point E3, it may be observed, that if 
DN is sufficiently great, it will lie outside the circle 
ADB (as in Fig. 22). The condition that it does not Jo 

80 is expressed by the inequality^ must be less than 

- - ^ which will be supposed to be the case. As E 

cos p '^'^ 

moves from E^ to Qj there will be transmission of power 
to C, from its maximum value at E^ to zero at Q. 
Hence, as regards C, the motion will be stable, because 
a retardation of its motion is accompanied by a greater 
transmission of power to it, and vice versa. 

As E moves from Q to Ej, C will do work from zero 
at Q to its maximum value at B,. 

Hence the motion of C will be stable, because a re- 
tardation of its motion is accompanied by a smaller 
duty, and vice versa. 

As E moves from E3 to R, and finally to E^, there will 
be instability as regards C. 

Again, as regards the source A, As E moves froi 
E,, to E^ through Eg, the power exerted rises from ii 
minimum at E^ to its maximum at B^. Hence in thii 
half circle the motion of A will be unstable, because 



•e- 
ill] 

1 



THE TRANSMISSION OF POWER. 



91 



any retardation on its part, implying an advance of E, 
will be accompanied by a greater duty, and vice versa ; 
so that the displacement will be augmented. 

As B moves from E4 to Eg through E, the power 
exerted by A diminishes from its maximum to its 
minimum value. Hence, in this half circle the motion 
of A will be stable, because any retardation on its part, 
implying an advance of E, will be accompanied by a 
smaller duty, and vice versa ; so that the displacement is 
decreased. 

Hence between Ejl and Eg there is absolute stability 
for both sources, and between E2 and E4 absolute in- 
stability. 

In the remaining regions there would arise a necessity 
for constraint in one or other of the sources. 

Between Eg and Eg, the source A would need con- 
straint ; between E^ and E^ the source C would need it. 

If both sources are constrained, a position of E be- 
tween E2 and E4 becomes a possibility. 

Under the conditions, therefore, represented by Fig. 
21 it would appear impossible to make both sources 




Fig. 22. 



do work at the same time without constraint ; but this 
impossibility arises from the fact that Eg is nearer to N 
than Q is. When, as in Pig. 22, Q is nearer to N than. 



r 



I 
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E, i3, i.e., when •'->^^ — ", the impossibility is removed, 

C COB (S 

and of the power going to heat the circuit part ia pro- 
vided by each source. 

Dr. Hopkinaon has denied that two machines can 
work ill series, each doing work; but his reasoping is, in 
this case, not satisfactory. His statement has, however, 
been very generally accepted as true by electrical prac- 
titioners. 

As an instance, suppose e = 200 volts, 
/=150 „ 
and It = 20 ohms, ^ = 40% 6 - 30°. 

Then the power exerted by A will be found to be 20'68 
watts, and that exerted by C 133-28 watts, the total 
heating of the circuit being at the rate of 153-96 watts. 

And if the prime movers of each machine only yielded 
the 20-68 and 133'28 watts respectively, the two machines 
would settle down into stable motion with a phase dif- 
ference of 150°, and yielding 153*96 watts in rate of 
heating. 

It is perfectly true that one of the machines alone 
would, if driven by a sv^cietitlij great power, yield more 
power in circuit than the two together; but that is 
a question distinct from the one whether or not two 
machines may run with stable motion, in series, both 
doing work. 

As to the transmission of power, its possibility is seen 
to depend upon the value of the angle EiDEj, which 
is simply 2^. If E ia situated at the point N, the effi- 
ciency is not at its maximum value, but it has the value 

i, which is the greatest efficiency in transmission with 

uniform currents. It would thus appear that transmis- i 
sion by alternating currents does not compare uno^ 
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favourably with that by uniform currents in this respect. 
To find the position of B which gives the maximum 
efficiency of transmission, proceed as follows, Fig. 28. 

Call the circle described upon AB as diameter, the F 
circle, since F always lies upon it, and similarly call the 
circle upon which E always lies, the E circle. 

We have to find out the particular position of B 

FF 
upon its circle, which will make the ratio -j^-^ as large 



AF 



AE 



as possible, or, which is the same thing, that of -p= as 

Ar 

small as possible. 

Let e and / be the two electromotive forces. Take 
AB equal to e, and cut off from it BM equal to /. 
Describe the F circle upon AB, and set off BAD as 

before, an angle having its tangent equal to =— . 




/ 



Fig. 23. 
D is on the F circle. Draw MN perpendicular to AD, 
and with centre D at distance DN describe a circle. 
This is the B circle, for its centre is at D, and its radius 
= DN = BMcosDAB. 
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Through D draw the radius DH parallel to AB, H 
being on the same aide of D that M ia of A. Join AH 
by a straight line catting the E circle in E and the P 
circle in F. Then these are the particular positions on 
FE 



the circles which make the ratio 



AF 



— ^, as here found, is the maximum efficiency. And if 
AF' ^ 

DE be joined, the angle ADE will give the phase- 
difference, between the electromotive forces to give this 
efficiency. 

For, in the first place, it is clear that the ratio ^= 
' '^ ' AF 

has some maximum (not a minimum) value between the 
positions where E and F coincide, viz. when the two 
circles intersect. And because DH is parallel to AB, 
and AS cuts them, therefore the angle DHE = the angle 
BAF. 

But DH, BA pass through the centres of the two 
circles respectively; therefore AH, making the same 
angle with BA as it does with DH, must cut the circum- 
ferences of the E and F circles at the same angle. Thus 
at E and F, the points where AH cuts the E and F 
circles respectively, the arcs of those circles are parallel. 
Therefore an elemental displacement of E and F from 
these positions would result in no alteration of the ratio 
in which E divides AF. 

But this is the characteristic of a maximum or mini- 
mum value of such a ratio. Hence the maximum 
efficiency is -— ; and it has before been proved that the 

triangle ADE is similar to one in which the sides 
homologous to AD, DE are the electromotive forces 
themselves. Thus, for maximum efficiency, the phaseB 
oi/zDust follow the phases of e by an angle equal to 
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(180° + ADE), orj which is the same thing, precede them 
by (180°- ADE) or (tt- ADE). This, reduced to time, 
is 

("--^P^)2Tor(l-ADgW 

27r \ TT / 

It is clear that -t-=^ is the ratio of / to e. The maxi- 

AD -^ 

FE 
mum eflSciency yt7< exceeds this ; and it is seen to do 

so in virtue of the existence of a coefficient of self- 
induction, the absence of which would cause D to coin- 
cide with B. 



Addendum. — Analytical Expressions. 
The value of the maximum efficiency in symbols is 

^fl+'^COS^ 

|/+cos)8 
e 

where tan jS = ,=— . The fraction -: can be easily 

■^^ 't + cosfi 

e 

shown to be greater than unity. And the angle ADE 
may be calculated, if desired, as follows : — 

ADE=(2x-/S), 
where 

sinyS 



tanx = ^. 

cos /8 +*f 

6 

Ix is the angle DAH or BAH,] 
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Adapting to logarithms. 

Let / 

•'- = cos a, 

e 



, sin ^ 

tan 'x^ = — 



2 cos^— ^^ — cos=— — - 

There may be transmission of power from the source of 
e to the source of/ even when /> e, provided that / cos j8 
is not>e; as would appear at once from a geometrical 
construction on the plan given above ; and in any case 
the condition of maximum eflSciency is one of stability, 
as the position of B found by this construction lies with- 
in the region for which both machines are in stable 
motion. 



CHAPTER XI. 

TJFOS THE TI6E OP THE TWO-COIL DYNAMOMETER WITS 
ALTESNATINO COEEENTS. 

E dynamometer aa usually constructed consists of two 
loils destined to trauaniit the same current, and for tbat 
^purpose placed in series with one another by a maker's 
connection between the end of the first and the beginning 
of the second. The user of the instrument has access 
only to the beginning of the first coil and the end of the 
second. The torsion to be applied to the suspenaion of 
the moving coil to bring it into some constant relative 
attitude towards the other coil {usually but not neces- 
sarily the rectangular position) measures with constant 
current the square of it, with harmonic current the half 
of the square, where the maximum value of the current 
gives the denomination to the current. In this sense I 

have called the function -■■ of the harmonic current I, 

the dynamometer reading. But suppose that the em- 
ployer of a dynamometer has access to the final terminal 
of the first coil, and to the first terminal of the second 
coil, as well as to the two usually free terminals; and, 
further, suppose that he sends one harmonic current 
through the first coil, and another harmonic current 
through the second coil, the on\y TviMcg (K>ti^\t\QTi.\i«'>^^ 
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that the two currents shall hare the same period, fl 
What in such a case will be the reading of the instru- H 
ment ? What will be the torsion necessai-y to bring the V 
coils to the standard relative attitude ? lb will be as I 
follows : The reading of the dynamometer will meaanre ■ 

the quantity — '„— ^ cos 6, when I, Ig are the carrenta u, ■ 

usually defined by their masimum values, and d is the J 

angle of the phase difference between the currents, i^M 

&^^- where t ia the interval of time at which the phaaeifl 

of one current follow the same phases of the other. I 
The truth of this statement appears at once by apply^ H 
ing the first geometrical proposition (see first Article))^ 
when the two magnitudes there considered represea^J 
Ii Ig respectively. fl 

I propose to call the reading of a dynamometer nnde^| 
such circumstances the Force Reading, and the fnncti(4^| 

~-^ cos will receive the same name. The pro^lel^H 

of this depends upon the instrument being so gradnategH 
that when a direct unit current fiows in each coil thsfl 
angle of the index shall be taken as the unit angle. I 

This is the same condition under which -^ is called thAv 

dynamometer reading, under the usual circumstances oil 
connection. I 

The instruQient can be converted into a dynamometoM 
of usual construction by placing a stout wire between 
the final terminal of the first coil and the first termiivHB 
of the second, in fact by making a series arrangemeofl 
of the coils. S 

It is clear, therefore, that such an inatrnment ifl 
capable of giving in the first and second place the twol 
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dynamometer readings of the two currents — viz., -j and 
-^, and iu the third place -' - cos 0, or the force read- 
ing. A comparison of these three readings will there- 
fore farnish the important angle 0, the angle of phase 
difference, and, by inference, all the quantities upon 
which its value depends. 

Let the three readings be a^ a^ a^, so that 

i; II Ills o 

I I\Jl = ia,n, 

The final formula, viz., cos ^ = — r-^' — will not be changed 

even if the instrument is not graduated as I have sup- 
posed, but iu any uniform manner, including of course 
the usual degree graduation. 

Before proceeding to examine the application of this 
method to particular cases, it will be well to point out 
the following peculiarity. Whereas, when a dynamo- 
meter is employed to take a dynamometer readme/, the 
twiat to be given to the suapensioo is always in the 
same direction, still, when used for a force reading, the 
twist may have to be applied in either direction. This 
will merely depend upon the value of cos 0. If in any 
case the tendency were in the unusual direction, it may 
be reversed, should the mechanical arrangement of the 
suspension or the direction of graduation demand it, by 
simply making the terminals of one of the coils change 
places with reference to the main circuit. 

The previous chapters have been mav'cOi'^ i.e^o'vii Vi 




^ 
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tracing the effect of self and mutaal indaction andi 
condensers, local or distributed, upon the values 
phases of the resulting currents of the system, 
currents in the systems considered have the same perio( 
If, therefore, in the dynamometer we have an instn 
ment capable of measuring the various currents and? 
detecting their phase differences, it is clear we 
the means of calculating the values of coeflScients o 
self and mutual induction and the capacities of t 
densers. 

To take as an example the case of a harmonic sonrt 
of E.M.F. operating in a primary coil, which in its t 
acts by induction upon a secondary coil. First, let th 
dynamometer readings for the two currents he take 
separately, and suppose them to be Ci and a^ respert 
ively. Then let the force reading be taken, and let i 
be Oj. Then the cosine of the angle of phase differeno 

will be - p- "" • 

But a reference to Fig. 9, p. 1 8, shows that this angle 



BCF or CEA, whose cotangent is equal to - 



T ' 



L'bei 



fficient of aelf-induction of the secondary coil. 



js^ e . /Lvy ^ nl 



y^ 



Therefore the coefficient of self-induction of the aeooB 
dary coil is determined, the period and resistance beinj 
of course supposed known. 

The value of M, the coefficient of mutual indactioi 
may be found without further observation ; thus : 



I 

But ^ = 1,. .-. CA-r yHT,. 

Similarlj 5? . Ij. .-. CF . R vTJ,. 
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CA . « , CE ,, „„„ Mtt- 



„ CA Mir . . 

Hence 7^^— ■ sin g. 



r /», ^ /„,<,,-„■ Mir 



and therefore M= — . ' - 

or the coefficient of Mutual Induction is determined. 

If the coefficient of self-induction in the primary coil 
is desired, it may be determined by making it tempo- 
rarily the secondary coil, and pursuing a similar course 
to that already described. A second determination of M 
will result from the second series of observations serv- 
ing as a check upon the former series. 

It may be pointed out, in passing, that in the deter- 
minations of L' and M the resistance B in the primary 
coil need not be known, for its symbol does not occur in 
the formulEB for those magnitudes. Hence any change 
in the Value of the resistance in the primary coil will 
not affect the relative valnea of a^, a^, and ag, upon 
which M and L' are calculated, for they are indepen- 
dent of R. 

Therefore, the insertion of a resistance in the primary 
coil may be used to bring all the readings within the 
range of the instrument, by pairs in turn. Thus, suppose 
a, rtg % are in descending order of magnitude. It might 
happen that when the resistance in the primary is auch. 



F 



I 



I 



102 ALTERNATING CURRENTS. 

Bs to allow a^ to be read, dg might be so small as to be 
untrustworthy. In this case let a^ be read. Then take 
resistance out of the primary circuit. All the readings 
will go up, flj would be off the scale at the high end, 
but Og would reach a reasonable value, and may be com- 
pared with Ha. Now Qj will be found to have gone up 
in a certain proportion. It will now only be necessary 
to reduce a^ in this proportion to obtain a value which, 
with the former values of ii^ and a^, will serve for imme- 
diate use in the equations. 

In investigating the capacity of a condenser by means 
of an alternating current, we may bridge over a circuit 
by means of the condenser at points dividing the circuit 
into two portions, r containing the generator, and R 
beyond the terminals of the condenser. It may he 
convenient to avoid a coefficient of self-induction in that 
part which is remote from the generator, a matter easily 
accomplished. The coefficient for that part which con- 
tains the generator cannot in practice be avoided, but 
fortunately will nob appear in the calculations. For a 
little consideration will show that if there is no coeffi- 
cient for the remote section the construction of the 
diagram upon the rules given for Fig. 15 will coincide 
with that given for Fig. 11 up to and including the con- 
struction of the lines giving the effective electromotive 
forces in the two sections. So that we need contemplate 
only the construction of Fig. 11, reproduced so far as ia i 
necessary in Fig, 24. 

The procedure will be as follows :— 

(1) Take the dynamometer readings for the two a 
tions. Let them be a, for the generator's section. 

03 for the remote section. 

(2) Take the force reading between the two section^ 
Let this be 0^. 
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Then, taking I^ and Ig as the currents in the two 
sections, near and remote, respectively, we must have 



r 
EC 
E 



= I2. .*. EC = R \/2 a2, 




Fig. 24. 



a 



3 



will be magnitude of the cosine of the angle 



and 

CEO, or the sine of the angle DEO. 
Now, from the geometry of the figure, 

OF^ OE^ - FE» 



tan« OCP = 



FC^ 



FC^ 



But 



and 



FE = ^EC = r^/2^ 

FC = ^EC = R + ry"2^ 



Hence tan« OCF = ^^^^"^^^^ = ('X ^^1^\ 

2 (R + r)2aa \R + r/ a^ 



r 
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Therefore tan OCP = =3 

. + r ■ a 

But bv the construction -■ ,. - ,„ ;- = tan OOF. 

Jdeuce — =,— = -y — -. 

or C, the capacity of the condenser 






thus determined from the dynamometer observations, 
lb will be noticed that this formula does not involve the 
force reading tij; but this if taken can be used in the 
place of flg, for the valnes can be shown to be identical. 
To prove this point, consider that FEO is the angle of 

phase difference ; therefore its eoaine is equal to — - ^— . 

FE 
But cos FEO is also equal to ^^ 

E EO Rr/aV, ^"^ a; 
Hence ^^=_^, 

This is an important fact in employing the method toM 
measure a condenser, for in practice it would be desir-B 
able to have as little self-induction in the remote section J 
o£ the coil as possible. In this investigation it has beQlul 
assumed at zero. But the self-induction in the neavi 
section has no effect upon the operations. Hence i 
would be desirable to have the coil in the remote SBctiM 
of no more than a very few turns of wire, while t}^ 
sensitiveness of the instrument might be furnished 1 

^ very many turns in the other coil; i.e., that in" 
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the near section. For the same reasoa it wodM be well 
to make the standard position of the coils the rectangu- 
lar one. 

If it be necessary to take the self-induction of the 
remote section into consideration, we may contemplate 
the constrnction of Fig. 15 down to the fixing of the 
point 0, 

In this case the observations may be expected to 
furnish not only the value C of the capacity of the con- 
denser, but also the value of the coefficient of self- 
induction of the remote section, as in fact they will be 
found to do. If a, Og a^ are the three observations, we 
have 




.-. also EF = ry2^, and cos FEO = "- . 
For brevity call the angle FEO 6, and the angle 



rioe 
CEQ 
dicu] 
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CEQ ^. Then also FEM = ^. Because EM ia perpen- 
dicular to FO, 
therefore EF cos ^8 - EO cos fi-yS, 



and 



But 



'H- 


BO j- 
.jj,.co.9- 


-/3. 


V%osS- 


fi- 


e- 


1 - a/s! cos e 


o,-a, 






v^«, ag-iij- 




(3- 




_TR 


«,-». 





or the coefficient of self-induction is determined in terms 
of the dynamometer observations. 

This formula also demonstrates the equality of a^and 
«g when there is no self-induction. 

To find the capacity. From the above value of tan ^ 
we may obtain ci 



I 



Further, 



t«ii'MQN = ^ 



i(". 



(K + r)'QE 



-2h,) 



VE + r^ ( 






FE" + 0E>-2FE .OE. 



. cos' ,8 



jK + a,-2<i,) 
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Hence tan MQN = -Z= . ^"■i"2-"' 

R + r tfg 

But by construction tan MQN=- ^. 

^ TK + r 



Hence qwR^^/o^o^-^^ 

T a« 



"2 



and C = -^. v^"i«»-.iJ. 

Thus the capacity is determined in terms of the dyna- 
mometer observations. 

Similarly, alternating currents and dynamometers 
may be employed to investigate the rate at which 
capacity is distributed along a cable. 

The formulsB given above for the values of the coefficient of 
self-induction, and of the capacity of the condenser, are ad- 
mirably fitted for calculating their values, to give any desired 
transformation of the phase and relative value of the currents 
in the two sections. [Vide supra on Condenser Transformers,] 

Suppose, for instance, that it is desired to maintain equality 
between \he currents, but to put them into quadrature with 
each other, as in the field of a Tesla motor. 

Then (1) a^=a^ ) Comprise all the 

(2) a,= ) necessary conditions. 

Hence L,=^ ^ 



C= 



IT 

T 



irK. 
Give the proper values for accomplishing this transformation.- 
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EILENCB IN A TELEPHONE:. 



When b, conductor subjected to alternating currenta la 
divided between two points into two parallel portions, 
and when the terminals of a telephone are connected, 
one to a point in one of those parallel portions, and the 
other to a point in the other portion, silence may, under 
certain circumstances, exist ; just as when the split 
conductor is subject to a uniform curreut, and a gal- 
vanometer is substituted for the telephone, no visible 
motion of the needle may take place. 

In either of these cases the failure to detect an elec- , 
trie flow may arise from want of suiEcieut sensitivenes 
in the instrument employed — telephone or galvanometer J 
— or to a want of sufficient sensitiveness in the organ 
sense employed — ear or eye. 

But if in either case no electric flow takes place, then m 
there must be silence in the telephone, and no move- 
ment given to the galvanometer needle, however sen- 
sitive the instruments, and however quick the senses. 
Absolute silence in a telephone will therefore exist 
when its terminals are always kept at equal potentials. 

The problem of determining the conditions of absolute 
silence may be complicated by the existence o£ i 
cients of self-induction in the four portions of the divi-l 
ded part of the conductor, by coefficients of mutual in*! 
d action, not merely between these four portions, bat I 
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between them and tlie rest of the circuit, and by the 
existence of finite capacity at points of the parallel 
portions, 

I propose merely to deal with the very limited case 
of the presence of self-induction in each of the four 
portions of the parallel parts, each section being sup- 
posed to be so situated aa to suffer and oifer no induc- 
tion from or on any other portion of the system. This 
case can be easily handled by the geometrical method, 
and will afford a fair example of its use. 

Consider, at first, one of the parallel portions into 
which the conductor is split, and let r, r^ be the resist- 
ances of the two parts iato which that portion is divided 
by the tenninal o£ the telephone ; and let Lj Lj be the 
coefficients of self-induction appertaining to each part. 

Since there is no current through the telephone, any 
current through r, must exist also through r^- Hence 
the currents in these parts must be identical in phase 
and value. On this acconnt, therefore, the effective 
electromotive forces through the two parts must be in 
the same phase, and proportional to the resistances of 
their respective parts. If, therefore, we take a line 
PQ, and divide it in A, so that PA: AQrir^rr^, PA, AQ 
may be taken to represent the effective E.M.F.s through 
Ti and T^. At the point A set off the angle PAM, bo 

that tan PAM = -^-^ where 2T is the period of the alter- 

Ir, ^ 

nations. 

And at the same point A, but on the side of PQ 
remote from M, set off the angle QAN, so that tan QAN 

Draw PM, QN, perpendicular to PQ, meeting AM, 
a M and N respectively. 
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Then MA represents the difference of potential ( 
the extremities of r^. 

PM represents the E.M.F. of self-induction in i-j. 

AN represents the difference of potential of the et 
tremitiea of r^. 

NQ represents the E.M.F. of aelf-induction in r^. 

If MN be joined, MN will represent the difference t 
potential of the remote extremities of the two pai 
the difference of potential of the points between whio 
the circuit is divided into parallel portions. 

But this difference of potential exists for the othi 
parallel portion, the resistances of which are r^, r^. If 
us suppose. If we were to construct a similar diagrai 
to the above for the other parallel, we should arrive 8 
another triangle M'A'JS', of which we know that M'J 
will represent the same magnitude as MN. 

M'A' will represent in phase and magnitude the dif- 
ference of potential which exists between the f 
terminal of the telephone, and that end of r^ which join 
on to J'l, which point differs in potential MA from tb 
first terminal of the telephone. If, therefore, the tee 
misals of the telephone are to be always at equal poteO 
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tials, M'A' must be to MA as WW to MN, and the 
angle NMA must be equal to the angle N'M'A, 

The same argument applies to the lines NA, N'A'. 
In fad, tlie triangles must he similar and the conditions of . 
absolute silence in the telephone are expressed in tlie same 
way as the conditions of similarity in the triangles, trans- 
lating the elements of the triangles into the physical 
quantities they represent. 

The conditions that two triangles are similar to each 
other are two in number. 

Probably the simplest we can select in this case 
are — 

(1) That Tr=-7- shall be equal to ^^, ^ , . 

NA NA 

(2) That the inclination of MA to NA shall be equal 
to that of M' A' to N'A'. 

Now MA^ = (PM)2 + (PA)8 

PM LiTT 

PA"Tri 
.•.MA-PA«{l + (^)^} 

Similarly NA^ = QA^ jl + fe^)'} 

MA ri I^'^It!;^) j . PA r^ 
NA r^ ji^/Ivryj*' QA r. 

Similarly __ 



M'A' r 



. }m 



N'A' r. r: n.^\'^\\ 



in which L3L4 are the coefficients of self-induction ap- 
pertaining to r^^ respectively. 
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The first condition, therefore, is that 

or 

To express the second coEdition, produce NA towarc 
AtoB. 

Then the angle BAM is the inclination between . 
and AN. 

Tan BAM = tan {PAM-QAN} 
_ tan PAN - tan Q AN 
1 + tanPAMtanQAN 

T^^TV, 

r r T* 
The corresponding function for the other parallel ia 

t;^~"t7. 

Therefore the second condition is that 

LjTT LjTT LgTT TliTT 



Tr, Tr, Tr, Tr. 



j-j-T* rrT^ 

The conditions (a) and (^) are all that arc 



w- 
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f absolnta silence in the telephone under the circam- 
Uincea proposed ; but among the circumatancoa occurs 
1 of the alteruEition, and it is quite possible to 
lave (a) and {^) satisfied for one value of T but not for 
aiother. Thus the telephone might be silent for one 
3 but not for otherSj as tone depends upon period, 
ibi (fl) and (j8) are only the conditions of the silence 
1 regard to a particular note. It remains to be seen 
irliether it be possible to obtain sdence for all notes, 
ine independent of the value of T. 

From the construction of the figure, it is clear that if 
T is very large M and N move to P and Q respectively, 
and MA becomes coincident with PA, and MN with 
PQ. Therefore, in order that A may divide PQ in the 
same ratio for both figures, it will be necessary that 

i',:ro=r.;r,, or -' = -?, the usual bridge condition for no 

current through the galvanometer. 

Now, bearing this necessary relation in mind, and 
noting that MP and NQ are drawn perpendicular to the 
same straight line PQ, so that PA : AQ :: r^: r^, it will 
he impossible that this relation, shall hold good for all 
straight lines drawn through A unless A lies in the 
straight line joining N and M. 

In this case MAN becomes a straight line, making 
equal angles with PQ. 

L.TT L.TT 



Hence 



r,T" 



■ule; i 
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When these conditions are fulfilled, the condition (yS) 
is necessarily satisfied, the inclination of the lines MA, 
AN, being always zero. Hence these conditions are all 
that are needed to produce silence in the telephone for 
all periods of alternations harmonically executed. 




^EBN s, conductor or system of conductors is sub- 
jected to an alternating current, the magnetic field at 
any point in the neighbourhood has ita sign reversed 
at every semi-period. If this process involves the con- 
tinuous rearrangement o£ anything material, the ques- 
tion naturally arises, Will it not involve a corresponding 
absorption of energy due to the existence of forces whose 
direction always opposes the change taking place? If 
a wind blows over a field of corn alternately from east 
to west, and from west to cast, one can see that a con- 
tinual generation of heat will tabe place from the 
rubbing together of the stalks ; and this notwithstand- 
ing the natural tendency of each stalk to stand verti- 
cally. The forces concerned in this loss are frictional. 
Does anything of this sort happen with alternating 
currents of electricity? and does a field of magnetism 
bear a likeness to a field of corn ? In more technical 
language, does a change in electrokinetic momentum 
involve a generation of heat, with a corresponding loss 
of energy in some other form ? This question has been 
answered in the negative by various authorities, and 
even the Council of the Institution of Civil Engineers 
has held that view. 

I hold the opposite opinion very strongly, on grounds 



r 



I 
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which I have explained before the Physical Society. 
The heating of the iron cores of elecfcromagaeta subject 
to tiUernating currents is too marked a phenomenon to 
admit of explanation otherwise than in this way. To 
say that thia is due to Foucault currents is only to assign 
a method to the action, but does not explain it away. 

The following paper on Magnetic Lag is reprinted 
from the riiilosophical Mag'izine. 

In bringing ray views on Transformers before the 
Physical Society, it is my desire to emphasize : — 

{1) How the magnetic lag, if it exist, may be measured 
by employing dynamometers of low resistance. 

(2) That the magnetic Jag has a real existence. 

(3) That the magnetic lag necessarily accompanies 
absorption of work involved in the reversal of polarity 
in the iron, and how this may be measured. 

(4) The points in the general argument where scientific 
facts are wanting, and the direction which investigation 
should take to meet this want. 

The possibility of the existence of a magnetic lag 
renders the problem a different one from that of two 
coils acting and reacting upon themselves by means 
of mutual and self-induction, whose coefficients, being 
geometrical, ai-e constant. 

For the latter problem I gave in the year 1885 a 
complete solution, but I pointed out that the complete* 
ness of the result rested upon the absence of anything 
in the nature of hysteresis (a word not then in use) or 
work done in the field. 

The following year Mr, George Forbes, F.E.S,, gave 
what should have been (but for the very poor reporting 
of the Society of Arts' Journal) a solution of the 
" secondary generator " problem, treating it as a case 
of two coils, assuming that "the magnetism of the core 
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Tariea as the sam o£ the currents in the two coils" ; 
and the same gentleman has treated the subject again 
in a recent paper before the Society o£ Telegraph- 
Engineers and Electricians, in which he makes tha 
same assumption, and says, referring to the harmonic 
functions which he attributes to the electrical and mag- 
netic quantities involved, that the existence o£ magnetic 
hysteresis would cause departure from the harmonic 
character, but that, being insignificant so long as the 
magnetic induction in the iron is not high, its considera- 
tion may be omitted, — statements which seem rather to 
evade than to overcome the difficulty. 

Mr. Gisbert Kapp, who has done so much good work 
in the practical development of transformers, also, in 
ray opinion, makes the same assumption, — that the state 
of magnetization iu the core coincides with the magnetic 
stress resulting from compounding the stresses derived 
from the two coils. 

In the view I shall put forward I shall assume — 

(1) That the variations are harmonic. 

{2} That the only induction in the secondary coil is 
derived from the core, and is, therefore, as regards 
phase, in quadrature with the magnetization. Aa the 
current in the secondary coil will be considered as pro- 
ducing one of the components of the stress producing 
magnetization, itself reacting upon the coil, the necessity 
of introducing a special E.M.F. of self-induction is 
obviated. 

(3) That each tnm in either coil embraces the same 
number of magnetic lines. 

I shall also make use of the following symbols : — 
E, the maximum electro-motive force of the machine ; 
Ij, the maximum value of the current in the primary 
circuit : 
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Tj, the maximum value of the current in tlie secon- 
dary circuit; 
■rr — 0, the angle of phase- difference between the cur- 
rents ; 

m, the number of turns of wire in the primary coil ; 

n, „ „ „ secondary coil; 

0, the angle of magnetic lag; 

i-„ the resistance in the primary ciroait ; 

Vg, „ J, Becondary circuit; 

' > are the readings of two dynamometers placed 
respectively in the primary and secondary 
circuits, their constants being A and B, so 

that -q = Aa^, -^ ^-Ba^; 

wg is the reading of a dynamometer, one of whose 
coils is in the primary, the other in the secon- 
dary, circuit. Its constant is C. 
M is the maximum magnetization. 
The magnetic stress produced by each coil is pro- 
portional to the current in that coil multiplied by the 
number of turns in the coil, and is here taken to be 
that product, called very often the Ampere-turns. Its 
maximum value in the primary coil is tij.1^, and in the 
secondary coil it is nl^. 

Now the observations on the dynamometers A and B 
furnish us with a knowledge of I^ and I^ in any ca; 
and m and n are details of the construction of ( 
transformer. Thus we are in possession of the tw 
quantities nilj and ijj. 

But the three dynamometer observations enable us i 
determine the angle of phase-difference between tW'l 
currents, as I have elsewhere explained: — 

Cn, , „ IJa cos B 



" v'Aa, Be 



for Co. 
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We are therefore in possession of the two components 
of the magnetic stress and of the angle between them. 
Hence we are virtually in possession of the whole mag- 
netic stress and its phase relatively to its components. 
If the resultant is in quadrature with that component 
which results from the current in the secondary coil, 
it is in the same phase as the magnetization, which is 
in quadrature with that component ; but not unless this 
is the case. 



Fig. 26. 

Let the line AB represent rnl^ or the magnetic stress 
in the primary circuit, and let BC represent the magnetic 
stress in the secondary, and let ABC be the angle 0, 
found as above. Then AC is the resultant magnetic 
stress. 

But the magnetization is in quadrature with BC. 
Draw AD at right angles to BC. Then CAD represents 
the magnetic lag, which is seen to vanish if ACB is a 
right angle. The condition of the existence of lag is 
therefore that 

CB<ABcos tf, 

which in terms of the dynamometer observations is 

7i\/2Ba2<m\/2Aai /-, — %— - . 
* ^ ^/A.a^ Ba^ 

or -D ^ n 
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The observation on the dynamometer in the primary is 
seen to be eliminated. Thus this question can be tested 
with two dynamometers only. The amount of lag is re- 
presented by the angle CAD, We can easily express ita 
tangent in terms of the three dynamometer observations. 

DBCB 

CD DB-BC _ AB AB 

tan i'-^X'AB sinS" Vl-cos*5 

cose-^ 

^ yi-cos^ tf 

Coa _ n . /Bog 
_ v^Aai Boa ?"■ Ag, 

^ Aa, Ba, 
Co, - - Bag 

"v-Aa.Bog-CV' 

Thus the angle of magnetic lag, if it exist, can be da 

tected with two dynamometers and measured with three 



In dealing yet further with the results furnished bi 
the observations, we must remember that the waxing 
magnetism has the same inductive effect in producinj 
E.M.F. in each turn of the coils of the two circuil 
But we can, from the observation of dynamometer ] 
say what that E.M.F. per turn is. The whole E.M.: 
in the secondary coil is Igfj, consequently the E.M.! 

per tarn is -^, Therefore in the primary the tot 
E.M.F. arising from magnetic induction is m -^- 
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The current arising from the same source is -, 

and the magnetizing stress on this account is , 

which must be looked upon as one of the components 
of the whole magnetizing stress due to the primary 
current; and this component is in the same phase as 
the magnetizing stress in the secondary. 

Hence, returning to the figure, if we produce CB to 



F, so that CB : BF :: wL : — 






n r. 



w* 7*2 



3 



1 . HI- _f 



n^ ?i 




Fig. 27. 

FB is one of the components of AB. 
The other component {i.e., that arising from the 
machine's proper electro-motive force) is AF. Hence 

AF = r/i-. 

It follows that the electro-motive force E, which the 
machine is exerting, may be thus determined by means 
of the dynamometer observations. 
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AF^ = AB^ + BF^ + 2 AB BF cos ABC, 
^T^ = mn:- + ^--s -^j w^IgS + 2ml, -^ ^ nl^ cos 6, 



in? _ wi 



.-. E2 = ri«V + r,«V ~2 + 2rirg - IJ, cos 6, 



rn? . m 



= 2|ri2Aai + r^^ ^ Ba^ + 2ri?-2 ^Ga^^. 

Another interesting magnitude is AC, or the total 
impressed magnetic force. 

AC3 = AB3 + BC3-2AB BC cos 6, 

= m^l^ + v?l^- - 2w»Iil2 cos e, 

= 2 w^Aa^ + 2n^Ba2 — 4m?iCa3, 

= 2 {r^i^Aoi + ?t2Ba2 — 2ninCa^} . 

By means of this we may calculate what current 
should be passed through the primary circuit, the 
secondary being open, to produce the same state in 
the core. 

But perhaps the most interesting point to men of 
science and to civil engineers is the question of power. 
We may approach it thus perhaps in the simplest way. 

-A 




Fig. 28. 
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By dropping a perpendicular from F upon AB pro- 
duced, we easily see that 

AF cos BAF = BF cos ABC + AB. 
Multiplying through by AB we have 

AF AB cos BAF = AB BF cos ABC + AB^. 

Substituting the electric quantities for the geometrical, 
mil ^^3 BAF = /wli —2 - wig cos + m^l^ ; 

multiply through by ^^, 

EI^ cos BAF _ m IJg cos rj^ 

2 ^^* n 2 "^ 2 • 

But the term on the left is the expression for the total 
power, and those on, the right hand may be expressed 
in terms of the dynamometer observations. 
Thus the total power 

= r^Aai + rg - Ca^. 

The first term here is obviously the power at work 
heating the primary coil. 

'/•gBttg is as obviously the power heating the secondary 
coil. 

If, therefore, we write the total power 

(m -r» 1 

= r^Aai + r^Ba^ + r^-i— Ca^ - Ba2|, 
we see that the power involved with the magnetic lag is 

^2|~ Ca3-Ba2|, 

the form showing that it disappears if the lag does so. 

Thus we are led to the conclusion that a magnetic lag 
involves a loss of power, and any loss of power due to 
molecular action in the core taking place in the course 
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of the alternations of magnetization must necessarily 
produce lag. 

NoWj if the changing magnetization does work, it must 
do it against a force, and this force must ho of the 
character which of itself would produce magnetization; 
e., magnetic force. Just as when a body moving iu a 
medium does work in the medium, it does so by calling I 
into being, or inducing, a force, viz., friction; force i 
being that sort of magnitude which, acting upon a body, J 
produces motion. 

By analogy alone, therefore, we may infer that whea 
changing magnetization is a continuous source of ab*l 
sorbed work, the changing magnetization induces whata 
would itself produce magnetization; that is, an induced! 
stress acting in opposition to the direction of the change 1 
in the magnetization. 

This miiy perhapa be allowed; but it may be nrgedJ 
that there is plenty of magnetic stress already, iva-f 
pressed by the currents; why should not the changing^ 
magnetization work on this ? The answer to this ob- 
jection is, that if there be no other stress but thalg 
impressed from outside, then the phase of the m 
tization will be in the same phase, and therefore tJiS 
increase of mngnetization will be in quadrature with the 
stress, and hence no work will be continuously absorbed, 
For though through some phases work may be done in 
such a case, this is always recoverable and recovered 
in a complete period, a proposition which I have stated 
and proved in my papers upon Alternating Currents in 
1885. 

I apprehend, therefore, that besides the stresses AB I 
BC we have another induced stress in quadrature with, . 
the magnetization, because called into being by i 
increase, and therefore in the same phase as FB or B< 
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Let BC, therefore, be produced until it meets in D 
the line AD drawn at right angles to BC. 




Fig. 29. 

Then AD will be the effective magnetic stress; i.e., 
that magnetic stress which, maintained with a steady 
current, will produce the actual magnetization ; hence, 
if M is the maximum magnetization, 

47rAD ,, 

where p is called the magnetic resistance. Thus — 

Mp 



AD = 



iir' 



ttM . 



If 2T is the period of alternation, -frr is the maximum 
rate of increase of M. If 

N may be called the coefficient of magnetic self-induc- 
tion. 

Under the exigences of a certain temporary nomen- 
clature CD might be called the Foucault- Ampere turns 
existing in the core itself. 

Substituting for M in terms of AD, 



_ Ntt 47rAD 



or 



DC 
AD 



= tan<^ = |^|N. 
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I have explained above how tan 4> may be obtained 

from the dynamometer observations. We may therefore 
employ this formula for the determination of the value 
and constancy of N, if we can rely upon the values of 
T obtained by observation at the time, and of p known 
otherwise. 

The constancy of p obtains so long as magnetization.. 
can keep pace with magnetic stress. These conditions- 
are fairly well understood, and AD must not exceed tbOi 
stress representing the limiting one. Thus it will h^ 
well to know AD. 

AD = AB sin -^ ml,'/ 1 - coa % 



ii-/2A( 



;vr 



Aa^ Sog' 



= ^.- 



v'Aa, Bag-CX' 



I thinkj therefore, experiment should move in tha 
following direction. The constancy or the reverse o£ 
N under varying speeds should be first determined by 
experiments with currents so small or coils so few that 
the magnetic resistance p may be safely assumed con- 
stant. For this purpose it would be necessary to employ 
some speed -indicator. 

Professor Forbes, F.R.S., in his paper upon tram 
formers, already quoted, says that the existence ( 
hysteresis would cause a departure from the harmoni< 
character of the motion, but that the effects are smal 
and negligible. 

If N, however great, remains constant, the harmonic 
character of the variation is maintained. But if experi- 
ence showed that induced stress varies as the square op 
higher power of the rate of change of magnetization. 
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indeed a serious modification would take place, 
pd this wonld be likely if the neighbourhood of satura- 
■Q reached. 



In the foregoing investigation I have represented 
1 atregg as of the order Current, and the formulEe 
[ have introduced hitherto will bear this convenient 
1 of expreaaion ; but, strictly apeaking, it ia of the 
■der Field, and when we wish to settle the dimensions 
: N, we must take this into account. The M of the 
tork ia really of the order Induction or [i~*i~'iji.*] . Now, 
I rate of increase of Induction multiplied into N ia 
paJ to Field, or [H(-'m*] ; 



..^tiiiifi-.a.p-.,-. 



.N=[l].< 



''], 



I The actual experiments, which I now bring to the 
tdtice of the Society, were carried out at the works of 
Messrs. Nalder, Brothers & Co., of Westminster, and 
I am greatly indebted to these gentlemen themselves, 
and to Mr. Crawley and Mr. Mott, for their assistance 
in making them, for they freely placed their steam- 
power, their electrical power, and their intellectual 
power at ray disposal. 

These experiments had no other object than to test 
the question of the existence of magnetic lag by dyna- 
mometers, and to measure the angle of lag. 

The machine employed and the transformer were of 
the Kapp forms. The number of tnma of wire in the 

* Or ['fi~'] according to Prof. A. W, Biicker'a more complete 
formulation. Compare with this the coefficieut of Electric Self- 
induction [Ifi]. 



128 ALTERNATISG CURRENTS. 

two ooila had been ascertained for me by Mr. Crawley. 

They were 100 and 12 respectively. 

Considering the considerable differences in the rela- 
tioiia of the currents, the constancy of the angle of lag 
appears to me to point to a simple law connecting it 
with the magnetization. 

There was no very accarate speed-indicator employed, 
and the speed was approximately the same in the first 
six experiments. In the seventh experiment the speed J 
was purposely much diminished, by about one third qSM 
that iu the former cases, and in this experiment alona4 
does the lag appear at less than 5°. 
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THE SPECIALISTS' SERIES 



A Series ot Handbooks for Students and Practical Engineers. 

Crown 8vo, cloth. With manj lUaslrations. 

HE TELEPHONE. By W. H. Pkeece, F.E.S., and J. 

MiiEB, Ph.D. With 290 lUnatrntiDna, Appendix, Tables, and Full 





■Brs— Thenry— Toiephon- " — 



IncCioa— The BbU Telephone 
ers— Special Telephones— On 



Malliple Siritchea. The n 

l" ByBtlm of°TraMlatio™ P 

^ — „ ^ e TelBphnny-aBYem! Sub 

ma CHnmil {I) (U) (III)~£ppllaiiUon of the Telephone to the TDleurap 
1— The Telaphona as » Mitiiary InBtnimont— MiBcellaFreonB Applies! 
■ndiii— The Telephone In Lnnilon— Tahlea— Briciflh Wire GaiiKe— Indei. 

lAGNETO- AND DYNAMO-ELECTRIC MACHINES. 

With a DBBCription n! Eleetrio Aooamnlatora. Froni the German of 
GUSKK DB Cew. With Illnatrations. 7$. Gd. 

ELECTRIC TRANSMISSION OF ENERGY, AND ITS 

TRANSFORMATION, SDBDIVISION, AND DlSTRlBUnON. 
A Pcaetioal Handbook by Gisbebt Kapp, C.E., Associate Member of 
the Institutian of Cuil EngineorB, etc. With 119 IllnBtrations. 7a. 6d. 
Secund Edition in (he press. 
"We eannol apeatt too highly of this aflniirable boot, and we trnst fatnro 
Gdj^ona will lolloir in rapid eucceselfln."— Xiiutnriil Bgir'iut. 

" This HKcellent work . . . must be accorded a prnminent place amona; the 
[ffw Btandnrd works on the sahjeet."— Bicofrician (R'sir Tovlc). 

GAS ENGINES : Their Theory and Management. By 

Wll.LTisi MAGGREaoR. With 7 Platea. 83. Gd. 
OonTMErTs. — Introdnt-t^iry — Direct Wortin^ Engines without CompreHHion — (laa 
XnSines wockiojc with Compresaion— Oomprsaalan Engines with Compreesinit 
..^ ^ ....,...„. rf . _]{gigtiyj Bpoed ol Conibnallon in GBSeooe 



Pomp-^Theorj' o£ the Qbb B 



iploeire Mlxbi 
calDatL 
—Index, 
r. Macgragor hi 



Theoretical Data— Clark'a Theory 



Engine : 



pages."— Bug iiiserius. 

BALLOONING : A Concise Sketch of its History and 



Mai. WithHlna 



I, Coutinentul and EogHeh. By Q. 






.t Piopossls for Sleenii 



Ls QsetuI pnrpcBBB Ic 



ARC AND GLOW LAMPS. A Practical Handbook on ' 
Electric Ligliting. By Julius Maizr, Pli.D., Abboc. Sdo. TeL Bng., 
etc WitL ;e lUuBtratioiu. 7»- 6d. 

The nhole sjatem of modem electric illniuiiiBtioD ig dealt with in this 
Toluiite. It gives a detailed deeoription of nil the piincijW modern geiie- 
Taton and lamps, together with condnctora and the other appliances roquiied 
ID electric light inatallatioDB. It ooutaicB alao a full ac<;oimt of the Tarione 
applJoatioDd of electric hghtjng up to recent date. 

" The author has collected all the most recent avsiliible infotmatiDti oonceming 
the prOBEBB ot niBiiQtacHire, life, el«., of are ana glow lamps in a very convenient 
■nd revlablo form."— Kinjinaer. 

" This TBlnoble hondbook onght to he in the poeseaBit.n of every one iniereetetl 
in artifioiBl lishtioB."— Oai Fortil. 

ON THE CONVEBSION OF HEAT INTO WORK. A 

Practical Handbook on Ueat-Eaginea. By Willlaai AnueusUN, 

M.InetC.E. With Gl lllnstmtionB. 6s. Second Edition, nith additioaB. 

" Fmra beginning lo end (be book is wriUen tor engineere, and it 1b therefore 

iiely to prove more usefnJ to engineers than any work with a simlliu: object pro- 



tbiB is mora than can be eaid of moat works on heat/' — Eiigiiuer. 

"The volume brJatles from beginning to end with praoticaL exampleB culled 

qnite Tefreehing to read throogb a work like this, having or^nall^ of treatment 
stamped on everj page." — EUctrical Sbviipb, 

SEWAGE TREATMENT, PURIFICATION, AND Uti- 
lization. A Pnu^tieal Mannal for the Um of Corporationa, Local 
Boards, Medical OtScera of Health, lospectorB of NuiEancea, Chemiais, 
MftDnfaetorera, Riparian Owners, Engineers, and Eatepajers. By J. 
W. SLitaa, F.H.8., Editor of Journal of Science. With IlIuBtra- 
tions. 6k. 

MANURES. By Dr. A. B. GRimTHS, F.R.S.Ed., F.C.S., 

Principal and Lcctnror on ChemiBtty in the School of Science, Lincoln. 
With Illoetistiona. 7s. Gd. 



GALVANIC BATTERIES. By Pi'of. Geokge Forbes, ] 
INDUCTION COILS. By Pi^of. A. J. Fleming, M.A.., D.g 
HYDRAULIC MOTORS. By Ceohge R. Bodmeb, , 

M.Iuat.C.K. lln thepTeat.m 

THE DYNAMO. By Guy C. Frickek. IPreparing.^ 



LIVES OF THE ELECTRICIANS. First Series: 

fessora TjndaU, Whoatetone, and Morse. By William T. Jeahb. 

Crown 8to, cloth, 6s. 

" This IB onr ideal of how Bocb lives shonld be written. We rise from Om read- 

ing of the Ixxik full o! admiratiin for the men, and nndentandiag t^e meOiodl 

and resoltB o£ Iheir labonra. Here are. in tact, the fairy tales of sdenoe." — 

SluSleU Iiidermdent. 

•• Not merely readable, tint fascii 
old."— Blfriricdl fieiinc. 

ZoifBON: ffHITTAKEE & CO., ABD GBaB.«iS Sffiii.. fc « 
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Becent sno JFottticomins IPuliIications. 

Third Edition, Crown %vo. Cloth, 6i. 

PRACTICAL EDUCATION. 

A WORK ON 

PREPARING THE MEMORY, DEVELOPING 
QUICKNESS OF PERCEPTION, AND 
TRAINING THE CONSTRUC- 
TIVE FACULTIES. 

By CHARLES G. LELAND. 

of Art 

the firu pej'SDD to btrixluce Industrial Art ai ft bnncfa 

uo'd-worlc could be tiicn or tauBhTii 

und giEiUf enl^cil m"Praclical Ediualion." On 

uids of KhootK, clvKi, « club« of induslriftt art w«rc eslAblufaed 

, America Mud Austria. Ai ai prefient a great dcnuuid cubia [or i 

tx to oniiBiiiiuil Tcchoical EdDcatioa, (his romu the Gnt part of the v 

tha aullwr indiaues that all the confuiion and diRbrncc of opinion wl 

Knl prevails as La thU aul^ect, ma^ very easily be obviated by ^mply begiiuiiilf 

Inr [eachinE the yonogefit tlie eaiiut atti of which they are capable, and 1^ 

tnencQ gradually leading them on to more advanced work. 

"The basis tAl&r. Leland's theory," seys a reviewer, "is thai befon learning, 
children ihould acquire the art of leamini:. It is not eoough to Gil the nemory, 
memory must first be created. By tralamg children to merely memorise, catn' 
dFdina^ power i '""'" ---■■---' .. . , . , ., «.»-.. .. 



■n Edutalim. «- Cmuh 



d ^milies. 






blnid m the deirelopmenl of the consmictive faculliu or hand-work. Auendf 

^Mr. lAwTi tetk wiU hmt a widt circvl^lin. It dials with t*e whaU in 
m-ieUtrmctirai/a,U^,aKdiiis mucA til rtn^ qf bag 
raHdelrstrpittipn,BS b) rrndrr it avertable ndnr m/vffluaHf^ 



tuggntvns''— 
ttackercart rtadil 



" Thii val^ailt In 



thsH^t^l pages at 
initndcd.'—Cm 
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Classical and Educational Works. 3 

Nvtv publishing IH parts, is. each. 

fl@inor :artB ant) 3(nbuBtrteg. 

A SERIES OF ILLUSTRATED AND PRACTICAL MANUALS FOR 
SCHOOL USE AND SELF- INSTRUCTION. 

Edited by CHARLES G. LELAND. 

This series of maouak on " The Minor Arts and Industries " h 
desigaed on the lines thus laid dawn. It will be found that each 
handbook piesents the subject with which it deals in a. thoroughly 

Kpular and practical manner ; thai the lessons carry the student on 
■■ road step by step from the veriest elements to the poiot where the 
most advanced works titly lind their place in his course of study ; in 
shoit the greatest pains have been taken to ensure a thorough mas- 
tery of the rudiments of each subject, and to so clearly state each 
lesson, illustraling it where necessary by plans and drawings, that 
even very young children may be interested in and trained to prac- 
tical work. On similar grounds the self-taught studeot will find these 
manuals an invaluable aid to his studies. 

Part I nsw ready, Paftr cover. Is. or in doth, 11. bd. 

DRAWING AND DESIGNING: 

IN A SERIES OF LESSONS 
By CHARLES G. LELAND, M.A., F.R.L.S. 



Other volomes will follow at short intervals, amongst the subjects of 
the earlier of which may be named^ — 


Wood Carving. 
Embroidekv. 
Leather Work. 
Agriculture. 

HOUSEKKEPING. 


Metal Work. 
Modelling. 
Carpentering. 
Commerce, etc 


Also it is intended to include in 
tical Industrial Science, so that l 
practical and valuable aid in preps 
tive work. 


time all branches of Ait and Prac- 
e young of both seies may have 
ring for active life and remunera- 
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GREEK AND LATIN. 
.aS: : iBibiiot&eca Classics. 

A Series of Greek and Latin Authors, with English Notes, 
edited by eminent Scholars. &vo. 

^SCHYLUS. By F. A. Paley, M.A. 8j. 

CICERO'S ORATIONS. By G. Long, MA | 

DEMOSTHENES. By R. Whiston, M.A. 

8.r. each. 

EURIPIDES. By F. A. Paley, M.A. 3 vols. 8j. each, J 
HERODOTUS. By Rev.J.W.Blakesley,B.D.2 
HESIOD. By F. A. Paley, M.A. ^s. 
HOMER. ByF.A.Paley.M.A. Vol. I.8j. Vol. II. 6&1 
HORACE. By Rev. A. J. Macleane, M.A. Ss. 

By Rev. A. J. 

1. By C. E. Haskins, M.A^ 
141. V 

PLATO. ByW, H.Thompson, D.D. i vols. 5^. each. 

SOPHOCLES. Vol. L By Rev. F. H. Blaydes.M.A. 8j. 

Vol. II. Philoctetes— Electra— Ajax and Tra- 

chiaije. By F. A. Paley, M.A. 61. 

TACITUS : The Annals. By the Rev. P. Frost. 

TERENCE. By E. St. J. Parry, M.A. 9J. 

VIRGIL. ByJ. Conington,M.A. 3vols. loj. 6rf. ead 
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CUissical and Educational Works. 



(i&rammac Reboot Classics. 



A Series of Greek and Latin Authors, with English Notes. 

Fcap. Svo. 
C-^SAR: DE BELLO GALLICO. By George 

Long, M.A. 4J. 

Books I. -III. For Junior Classes. By George 

Long, M.A. II. 6a'. 

Books IV. and V. in i vol. is. bd. 

Books VI. and VII, in i vol. is. (,d. 

CATULLUS, TIBULLUS, AND PROPER- 

TIUS. Selected Poems. With Life. By Rev-. .\. H. 
\Vrali?law. 2i. W. 

CICERO: DE SENECTUTE, DE AMICITIA, 
anil .SELECT EPISTLES. By George Long, M-A. 31. 

CORNELIUS NEPOS. By Rev. J. F. Mac- 
michael. 2s. 

HOMER: ILIAD. Books I. -XII. By F. A. Paley, 
M.A. 4J. td. 

Books L-VL, 2s. 6d. ; Books VIL-XIL, 2>. 6J. 

HORACE. With Life. By A. J. Macleane, M.A. 

3j. 6it. In 2 Paris : Odes, 2s. ; Satires and Epistles, 2t. 

JUVENAL: SIXTEEN SATIRES. By H. Prior, 

M.A. is. 6d. 
MARTIAL: SELECT EPIGRAMS. With Life. 

By F. A. Paley, M.A. 41. 6d. 
OVID : The FASTI. By F. A. Paley, M.A. 31. 6d. 
Books I. and II. in i vol. is. bd. 

Books III. and IV. in 1 vol. is. bd. 

Books V. and VL in i vol. is. 6d. 

SALLUST: CATILINA and JUGURTHA. With 

Life. ByG. Long, M.A.,andJ. G. Fraicr. 31. &/. Catilino, 
IS. Jugurllia, 21. 
TACITUS: GERMANIA and AGRICOLA. By 
Rev. P. Ftost. 2j, td. 



Whittaker and Co.'s List of 



VIRGIL : BUCOLICS, GEORGICS. and ^NEID, 
Books I.-IV. Abridged from Professor Coningtan's edition. 



XENOPHON: 

Kev. J. F. Macm 



The ANABASIS. With Life. By 

:hacl. y. ed. 



The CYROP.-EDIA. By G. M. Gorham, MA. 

3J. 6rf. 

' Books I. and II. in i vol is. 6(f. 

Books V. and VI. in i vol, is. 6d. 

MEMORABILIA. By Percival Frost, MA- 

3*- 

A GRAMMAR-SCHOOL ATLAS OF CLAS- 
SICAL GEOGRAPHY, containing Ten selected Maps. 
Imperiai 8vo. 3/. 

Uniform with the Series. 

THE NEW^ TESTAMENT, in Greek. With 

English Notes, &c By Rev. J. F. Macmichael.. 41, 6d. 
Separate parts, St. Matthew, St. Mark, St. Luke, St. Jolui,.. 
Acts, dd. each, sewed. 



CambriDge i&xztk ans Hatin Certs. 

These Texts, which are clearly printed at the Cambridge Utuve 
sily Press, on good paper, and bound in a haody form ' 
reduced in price, and will now meet the requirement 
who wish to use Text and Notes separately. 
^SCHYLUS. By F. A. Paley, M.A. as. 
C^SAR: DE BELLO GALLICO. By G. Lonj 

M.A. II 6rf, 
CICERO : DE SENECTUTE et DE AMICITIA, e 

EPISTOL^ SELECTS. By G. Long, M.A. 
CICERONIS ORATIONES. Vol. I. (in Verrcm 

By G. Long, M.A. zs. 6d. 
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Classical and Editcational Works. 7 

JRIPIDES. By F. A. Paley, M. A. 3 vols., each 7S. 

— Vol. I. Rhesus— Medea— Hippolytus— Alcestis— 
Heraclidre — Suppliees— Troades — Index. 

— Electra — 



Vol. III. HerculesFurens— Phcenissje- Orestes— 

Iphigenia in Tauris^lphigenia in AuUde— Cyclops^Index. 

HERODOTUS. By J. G. Blakesley, B.D. 2 vols., 

each 21. &/. 

HOMERI ILIAS. I. -XII. By F. A. Paley, M.A. 
u.6d. 

HORATIUS. By A. J. Macleane, M.A. is. 6d. 

JUVENAL ET PERSIUS. By A. J. Macleane, 

M.A. II. 6d. 

LUCRETIUS. By H. A. J. Munro, M.A. is. 

SALLUSTI CRISPI CATILINA ET JU- 
GURTHA. By G. Long, M.A. u. bd. 

SOPHOCLES. By F. A. Paley, M.A. w. 6d. 

TERENTI COMCEDIyE, By W. Wagner, Ph.D. 

THUCYDIDES. By J, G. Donaldson, D.D. a vols., 
encli 2!. 

VERGILIUS. By J. Comngton, M.A. 2s. 

XENOPHONTIS EXPEDITIO CYRI. By 

J, F, Macmichael, B.A. is. 6,/. 

NOVUM TESTAMENTUM GR.ffiCE. By 

F. H. Scrivener, M.A. 41, dd. An edition with wide margin 



Wkittaker and Ce.'s List of 



CambriDge Certs toitf) jQotcs. 

A Selection of the most usually read of tJu Greek and Lattm 
Authors, Annotated for Scfwols. Fcap. Zvo 
each, with exceptions. 
EURIPIDES. ALCESTIS — MEDEA — HIPPCj 
LVTUS— HECUBA— BACCH^— ION (It,)— O REST ES3 
PHOENISS^— TROADES- HERCULES FURENS* 
ANDROMACHE — IPHIGENIA IN TAURIS— SUK 
PUCES. By F. A. Paley, M.A., LL.D. 

^SCHYLUS. PROMETHEUS VINCTUS- 
SEPTEM CONTRA THEBAS— AGAMEMNON— PERS^ 
— EUMENIDES— CHCEPHOROi. By F, A. Paley, M.A, 
LL-D. 

SOPHOCLES. CEDIPUSTVRANNUS— CEDIPUS 
COLONEUS-ANTIGOKE— ELECTRA— ATAX. By F>a 
A. Paley. M.A., LL.D. -jM 

THUCYDIDES. BOOK IV. By. F. A. Fal(^ 

M.A., LL-D. ^% 

XENOPHON. HELLENICA, BOOK II. By" 
Rev. L. D. Dowdall, M.A. 

ANABASIS. Edited by Rev. J. F. Macraichael. 

JVJTO idition, rcTised by J. E. Mclhuish, M.A. In 6 vols. 
Boolt I. (with Life, Introduclioo, Itinerary, S:c.) ; Books IL 
and IIL «. ; Book IV., Book V., Book VI., Book VH. 

HOMER. ILIAD. BOOK I. By F. A. Paley, 
M.A., LL.D, ir. 

VIRGIL (abridged from Conington's edition). BUCO- 
LICS : GTORGICS, z parts : /ENEID, 9 parts. 

TERENCE. ANDRIA— HAUTON TIMORU- 
MENOS— PHORMIO— ADELPHOE. By Professor Wag- 
ner, Ph.D. 

CICERO. DE SENECTUTE— DE AMICITIA- 
EPISTOL^ SELECTS. By G. Long, M.A. 

OVID. SELECTIONS. By A. J. Macleane, M.A. 
Qthits in preparation. 

Critical anD annotated (JEDitions. 

CICERO'S MINOR WORKS. De Officiis, &c. k.zM 
With English Nules, by \V. C, Tylor, LL.D. izino. clolh,J 



r Classical and Educational Works. g 

VIRGIL'S AENEID. With Englisli Notes, by 
C. Anlhoii, LL.D. Adapled for use in English Schools by the 
Rev. F. Melcaife, M..V. Nr<v EdiHcn. lamo. 71. 6,/. 

([ ®reefe. 

BEATSON'S PROGRESSIVE EXERCISES ON 

THE COMPOSITION OF GREEK IAMBIC VERSE 

DAWSON'S GREEK-ENGLISH LEXICON TO 
THE NEW TESTAMENT. New EdiUon, by Dr, Tybr. 
Svo. cloih, gj. 

NOVUM TESTAMENTUM GREECE. Textus 
Slephanici, 1550. Accedunt varia; Lecliones edilionum Bezie, 
Elieviri, Lachmaniii, Tischendoriii, Tregellesii, curante 
F, H. Scrivener, M.A. 41. dd. An Edition with wide margin 
for MS. Notes, 410. half-bound morocco, lir. 

Textfls Stephanici, a.d. 1550, Cum variis Lec- 

tionibus Editionum Bezce, Elieviri, Lochmanni, Tischendoriii, 
Tregellesii, WeslcoK-Hottii, Versionis Anglican^ Emendato- 
ram, Cnranle F. H. A. Scrivener, A.M., D.C.L., LL.D., 
Accednnt Parallela. S. Scriptars Loca. Small post Svo. dotli, 
pp. >vi.-598, 7J- W- 

Editio Major coHiaining, in addiiioit to Ikt matltr m the 
ether Edition, thi Cafitula {majsra a minora) and l/ii Eusibian 
CaHOHs, Ike variout Readings of Wesleell and Horl, and those 
adopted by thi Revisers ; also a revised and mueh-en!arged seriet 
of Referetues. 

VALPVS. For the use of Schools, izmo. 

cloth, 5j. 

Edited by Rev. Macmichael. & Grammar 

Sehoal Classies. 

%tul]ents' coitions of tf)e <S0dpel3 anD 
tbe acts. 

Crimm &V0. dolh. 

GOSPEL OF S. MATTHEW. The 
Greek Text, with Critical, Grammatical, and Explanntoty 
Notes, ic, by the late Rev. W. Trollope, M.A., re-edited 1^ 
the Rey. W. H. Rowlandson, M.A. 51. 
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WEBSTER'S DICTIONARY OF THE ENGLISH 

LANGUAGE. Including Scientific, Technical, and Biblical 
Words and Teims. Nevi edilion, with Supplement of over 
4,600 New Words and Meanings. 410. clolh, i/. u. ; halfcolf, 
I/, lai. 
■ With Appendices. JVew edition. 410. cloth, 

£1 IIJ. 6fl'. ; half-calf, 2/. 



SHAKESPEARE'S PLAYS, with Text and Intro- 

duclion in Enelish and German. Edited by C. Sachs, ProC 
Ph D. Svo. doth, each Play or Number, lorf. 
JVojii Riady : 



Julius Csesar. 
Romeo and Juliet. 
King Henry Vin. 
King Lear 
Othello. 



13, Kii^ Henry V. 

King Richard III. 

Cymbeliae. 
AMidsuinmer Night's 16. Coriolanus. 

[7, Antony and Cleopalra. 

18. Merchant of Venice, 

19. Much Ado about Nothing, 1 
Others Ic follow. 

''This cdJtLOa will be quita * god&cnd to grown-up ^udcnts 
lAiisuae«, for tlie Drdinary ctass rKidiDg hooks arc too chiEdii^ to ami 
thf IT attcotion. The parsllel paging iavu the labour at u^ing a dictionsrr, 
and the series is so low in price as to place 11 wilhinlhertach of ail." 

Saturday Rtvitw. 

SHAKESPEARE REPRINTS i. King Lear. 1 
Parallel Texts of Quarto 1 and Folio I. Edited by Dr. wj 
Vietor, of Marbui^. Square l6mo. clolh, y. 6d. 

The lexis of Ihe first qaarto andfolig, with collatieHs froiH t) 
lain- quartos and folios, are here printed in a compact ai%d it 
veiiienl volume, intended as a rlass-book in the University. 



e^iscellaneous CEDucational IBoofcis. 

BIBLIOGRAPHY OF EDUCATION. HintaJ 

toward a Select and Descriptive Biblic^raphy of Educatiwi; J 
Arranged by Topics, and Indexed by Authors. By G. StanWS 
Hall, Professor, John Hopkins University, and John U^fl 
Mansfield. Post Evo. cloth, pp. xvi.-309, js.bd. 
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COLTON (B. P.) ELEMENTARY COURSE OF 

PRACTICAL ZOOLOGY. By B. P. Collon, A.M., Instractor 
in Biology, Oltawa High School. Crown 8vo. cloth, pp. liv.- 

CORN WELL'S SCHOOL GEOGRAPHY. 31. 6d. 

Wah Thirty Maps on Steel, 51. dii. 

GEOGRAPHY FOR BEGINNERS. u. 



DURHAM UNIVERSITY CALENDAR, with 

Almanack. Cloth, 11. 61/. \_Published annuallji. 

JOYCE (P. W.) A HANDBOOK OF SCHOOL 
MANAGEMENT AND METHODS OF TEACHING. 
ByP. W. Joyce, LL.D., &c. lllhedilioti, revised. Cloth.jr.M. 

NATURE READERS. Seaside and Wayside. 

No. I. By Julia McNair Wright. Clolh, u. M. [ /list puMished. 
The first of a Series of Primary Readers for young children. 
It treats of crabs, wasps, spiders, bees, and some univalve 
moUuECs. 

PINNOCK'S HISTORY OF ENGLAND. From 

the Invasion of Julius Cxsar. With a Biographical and His- 
torical Dictionary. Questions for Examination, Geticalogieal 
Tables, Piogress of Literature and the Constitution, &c. lllus- 
ted. Continued by the Rev. W. H. Pinnock, LL.D. New 
tdihott, lamo. 61. 

HISTORY OF GREECE. With an Introduc- 

tion on the Natural and Political Geography of Greect, Dic- 
tionary of Difficult Terms, Questions for Examination, Genea- 
It^cal Tables, &c. Illustrated. By Dr. W. C. Taylor. JV«d 
editim. izmo. 5^-. 6d. 

HISTORY OF ROME. With an Introduc- 
tion, the Geography of the Roman Empire. Notices of (he 
Roman Manners, and IlluEtrations, Questions for Examination, 
Chronological Index, Sec Illustrated. By Dr. W. C. Taylor. 
tfrui edition. l2mo. 5^. &/■ 
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PINNOCK'S CATECHISMS OF THE ARTS, 
SCIENCES. AND LITERATURE Whiiiaker's Improved 
Edilfons. Illustrated with Maps, Plates, and Woodcuis, cue- 
fully re -edited i8mo. price gi/. each. 

HISTORY Modem— Ancient— Universal— BiblejJldC? 

pel — Scripture— Chronology— England — Scotland— 
Am erica— Rome — Greece— Jews. 

GEOGRAPHY.— Ancient— Modem, Improved Edition- 
Modem, Original Edition — Sacred — England and Wales — Ud 
of the Globes, 

GRAMMAR — English-Frendi— German- Ilalian— 
—Spanish— Greek : Part I. Accidence. Part II, Syut 
Prosody— Hebrew. 

MATHEMATICS, &c.— Algebra (two Parts)- Arithmeria 
— Geomelry— Navigation — Land Surveying 

RELIGION.— Religion— Natural Theology— Scriptur 
toiy— Bible and Gospel History. 

FINE ARTS, &c— Architecture— Drawing— Perspective 
Mnsic — Singing. 

LITERATURE.— Mytholi^y— Rhetoric— Logic— Briti^ 
Biography — Classical Biography. 

MISCELLANEOUS First Catechism- General 

ledge— Intellectual Philosophy — Agriculture — English Law— i 
Heraldry — Medicine — Moral and Social Duties— Trade a 

SCHLEYER'S GRAMMAR, with Vocabularies of 
Volapuk (Ihe Language of Ihe World), for all Speakers of the 
English Language. Second (greatly Revised) Edilioi 
W. A. Serel, Certificated Teacher of the Universal Langua 
Crown 8vo. pp. 420, sewed, 5j. 6rf. ; cloth, ts. 61/, 

SHUMWAY(E.S.) A DAY IN ANCIENT ROME 

With numerous Illustrations. By Edgar S. Shumway, "* " 
fessor, Rutger's College, New Brunswick. Small 410, cloth, I 

WATTON'S ORIGINAL AIDS TO EDUCATION. ' 

Hand-series of Tablets, in Stiff Covers, 3-/. each. 
Leading Events of General His- | Chief Events of New Testament 
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Chief Evenls orCrecian Histoty. 
Chief Evenls of Roman History. 
Chief Evenls of Eastern Empire. 
ChiefEventsofGerman Hislory. 
Chief Events of English History. 
Chief English Battlesand Results. 
Chief Events of Scottish History. 
Chief Events of Frencli History. 
Cliief Events of Prtissian History. 
ChiefEvenls of Russian History. 
Eminent Men of Modem Times. 
Chief Events of Church History. 
Natural System of Botany. 



The Linn.iMn System of Botany. 

Natural Histary^Zoology. 

Natural Philosophy. 

Principles of Grammatical Analy- 
sis, with Examples. 

Guide to English Parsing, with 
Examples. 

Abstract of Heathen Mythology. 

Word Fonnation— Saxon, La- 
tin, and Greek Prefixes, with 
Examples. 

ChiefGrecianand Roman Battles 
Dud Results. 



LARGE TYPE SERIES OF TABLETS 



■ WATTON'S SKELETON EXERCISE BOOKS. 

^^ For History, Get^raphy, Bicgraphy, Analysis, Parsing, and 

Chronology, with Script Headings and Specimen Page. Price 

regulated by the thickness of the books, u. and is. each. 

Also now ready, a filled Biographical Exercise Book, 2 Series, each \s. 

Charts systematically arranged with date words, 60 pages, 

cloth, ij. Selected Descriptive Poetry, \s. 

Object Lessons, Nos. I, 2, 3, and 4, 32 p., in stiff covers, id. each. 



^c&ool anD Onitierditp analpseis:. 

By the Rev. Dr. Pinnoclt. 
AN ANALYSIS OF SCRIPTURE HIS- 
TORY ; Intended for Readers of Old Testament Histor>', and 
the University Examinations ; wilh Maps, Copious Index, and 
Examination Questions. iSmo. cloth, y. bd. 

AN ANALYSIS OF NEW TESTAMENT 

HISTORY; Embracing the Criticism and Interpretation of 
the original Text; wilh Questions for Examination. iBmo. 
doth, +1. 

AN ANALYSIS OF ECCLESIASTICAL 
HISTORY; From the Birth of Christ, to the CouncU of 
Nice, A.D. 325. Wilh Examination Questions. iSmo. cloth, 
31. dd. 
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HURCH HIS- 1 

:riod, and subsequent I 
;speciall)' intended for ■ 



ANALYSIS OF ENGLISH CHURCH HIS- 
TORY ; comprising the Reformation period, and subseqnenl 
events ; with (^uestiuns of Examinalion, especialiy intended ''"" 
llie Universities and Divinity Students in gem ' "" 

■ A SHORT ANALYSIS OF OLD TESTA- 
MENT HISTORY. With Questions for Schools, 
cloth, IJ. bd. 

A SHORT ANALYSIS OF NEW TESTA- 
MENT HISTORY. With yueslions for Schools. iSmi 
cloth, IS. 6d. 

aritbmttic. 

PINNOCK'S ARITHMETICAL TABLES O 
MONEY, WEIGHTS, AND MEASURES. With Questioi 
for Examination, and Eipianatory Notes, &c. iSmo. 3^. 

FIRST CIPHERING BOOK. Containing 

Easy Exercises in the First Rules of Arithmetic. 4to. s—- ' -■ 

RYAN'S CIVIL SERVICE ARITHMETICAt:' 

EXAMINATION PAPERS. By L. J. Ryan. Cloth, i 

• Key to Ditto, is. 6ii. 

SONNENSCHEIN AND NESBITT'S. 

ARITHMETIC. The Science and Art of Arithmetic for the 
use of Schools. Post Svo. 51. fid. Or separately. Part I.— . 
Integra], is. 6d. Parts II. and III.— Fractional and Approri- 
mate Calculations. Ji. 64. Answers to the Exercises, ij-. 6A, 
Exercises separately. Parti, is. Farts II. and III. is. -^^ 

A B C OF ARITHMETIC. Teacher's BooV 

Nos. I and z, each is. Exercise Book, Nos. t and 2, each 4^,, 

WALKINGAME'S TUTOR ASSISTANT 
(FRASER'S). Being a Compendium of Arithmetic aoi «; 
Complete Question Book. 12 



(£ucUD. 

EUCLID, THE FIRST BOOK OF. With an In. 
tioduction and Collection of Problems for the use of Schools. 
By J. M. Wilson, M.A. 2ml edition. 4to. 2s. 
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EUCLID, THE FIRST SIX BOOKS, together with 

the ELEVENTH and TWELFTH. From the Text of Dr. 
Simson. New idition, revised ond corrected by S. Mayiiard. 



MODERN LANGUAGES. 
jFtencb. 

BARRERE (A.) PROFESSOR, R.M.A. Woolwich. 
PRfiCIS OF COMPARATIVE FRENCH GRAMMAR 
AND IDIOMS, and Guide 10 Eicominalions. Clolh. Steand 
edition, rciiisid, 31, 6rf. 

JUNIOR GRADUATED FRENCH COURSE 

afTording materials for Translation, Grammar, and Conversa- 
tion. Being an inlroduelion to the Graduated French Course. 
Cloth, \s. bd. 

— ELEMENTS OF FRENCH GRAMMAR 

AND FIRST STEPS IN IDIOMS. Wilh numerous 
Exercises and a Vocabulary, being an Introduction to the 
Precis of Comparative French Grammar. Crown 8vo. cloth, 2J. 

BELLENGER'S MODERN FRENCH CONVER- 
SATION. Containing Elementary Phrases and Ne«r Easy 
Dialogues, in French and English, on the most familiar sub- 
jects. l2mo. 2J. 6rf. 

BOSSUT'S FRENCH WORD BOOK. i8mo. \s. 

FRENCH PHRASE BOOK. iSmo. ix. 



DELILLE'S FRENCH GRAMMAR. In Two 

Paris. I.— Accidence. II.— Syntax, written in French, with 
Exercises conducive to the speaking of the French Lajiguage, 
&c. izmo. 5r. bd. Key, y. 

EASY FRENCH POETRY FOR BEGIN- 
NERS ; or. Short Selections in Verse on a Graduated Plan for 
the Memory. With English Notes, izmo. 2s. 





. REPERTOIRE DES PROSATEURS FRAN- 

CAIS. With Biographical Skelchea, &c. Naa edition. 
l2mo. 6s. dd. 

MANUEL ETYMOLOGIQUE ; or, an Inter- 

prelalive Index of the most recurrent Words in the French 
Langiuige. l3mo. is. td. 

BEGINNER'S OWN FRENCH BOOK. 

Being a Praclical and Ea&y Method of Lenming the ElementSi 

of the French Language, limo. cioih, is. Key, u, 
DES CARRIERE'S FRENCH IDIOMATICAL 

PHRASES AND FAMILIAR DIALOGUES. Sqnare, 

31. 6d. 
HISTOIRE DE FRANCE, DEPUIS 

L'ETABLISSEMENT DE LA MONARCHIE. Continuee 

iusciu'ou relablissement de I'Empire sous Napoleo 

C.J. Delille. l2mo. -js. 
DUVERGER'S COMPARISON BETWEEN TH 

IDIOMS, GENIUS, AND PHRASEOLOGY OF THK 

FRENCH AND ENGLISH LANGUAGES. Nen, i:dili(m.'\ 

l2mo. us. (id. 
GASC (F. K. A.) AN IMPROVED MODERN 

POCKET DICTIONARY OF THE FRENCH AND 

ENGLISH LANGUAGES. Nr.v fdiiicm. i6nio. doth, 

2J. 6d. Also in 2 voU. in neat leatherette, $s. 

MODERN FRENCH-ENGLISH AND ENO 

LISH-FRENCH DICTIONARY. New edili^, 
In 1 vol. 8vo. los. 6d. 

HAMEL'S NEW UNIVERSAL FRENCH GRAM- 
MAR. A'fio SdilioH. l2mo. 4s. 

— — - GRAMMATICAL EXERCISES UPON THE 
FRENCH LANGUAGE. Nen' edition. 12010.4!. Key. 31. 

FRENCH GRAMMAR AND EXERCISES. ^ 

Nev/ edilimi. lanio. $s. 6d, Key, 4J. 

LEVIZAC'S DICTIONARY OF THE FRENCal 
AND ENGLISH LANGUAGES. Jfetn idition, by N. Lam- ] 
bert. l2mo. (u. 6d. 



THSM 

difioH. ^1 

:rn 
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:loth. 



Classical and Educational Works. 



19 



NUGENT'S POCKET DICTIONARY OF THE 

FRENCH AND ENGLISH LANGUAGES. New idiltan, 
revised by J. C. J. Tarver. Pearl edition, 4/. kd. 

OLLENDORFS (Dr. H. G.) NEW METHOD 
OF LEARNING TO READ, WRITE, AND SPEAK 
A LANGUAGE IN SIX MONTHS. Adapted to the 
French. New edition, izmo. 6j. 6./. Key, Svo. 71. 

PRACTICAL COMMERCIAL CORRESPON- 
DENCE. Ste Miiit!U:>to<ii. 



SiObittaftet'iS <£camJnation Series. 

THE PUBLIC EXAMINATION FRENCH 
READER. ^ViIh a Vocabulaty to every extract, suitable for 
all Students who are preparing far a French Exam mat ion. By 
A. M. Bower, F.R.G.S., late Master in University College 
School, &c Cloth, 3J, dd. 
"The book is a very prscticaJ and useful 

niBcUl did it hat been specially provided- 1 
in sdiDols as a class b«)k=. SchMlmatUr. 






IS for' 



a^bitta&cc's JFt£nc[) ^eriefii. 

For the use of Schools and Private Students. Edited tjr 
A. Barrere, Prof. R.M.A. Woolwich, &c., and others. Each 
number with a literary Introduction and Argument; in English, 
foot-notes explaining the more difficult passages, and translations 
of the idiomatic expressions into the corresponding English idioms. 
Fcap. Svo., each number, sewed, f>d. ; cloth, <jd. 

Now Riady :— 

1. SCRIBE. LE VERRE D'EAU. Barrere. 

2. MOLIERE. LE BOURGEOIS GENTILHOMME. Gasc. 

3. MOLIERE. L'AVARE. Gasc. 

4. SOUVESTRE. SOUS LATONNELLE. Desages. 

5. MOLIERE. LE MISANTHROPE. Gasc 

6. GALLAND. ALI BABA. Clare. 



Whittaker and Co.'s List of 



1. CORNEILLE. LE CID. Gasc. 
i, 9. LAMAKTINE. JEANNE D'ARC. Barrere. 
ro, 11. PIRON. LA METROMANIE. Delbos. 
Olhtrs la/ollffw. 



anbitta&cr's JFrcncfc Classiest, toitft 
Scnglisb jraotes. 

Faip. ^vo. doth. 
AVENTURES DE TELEMAQUE. Par F^nfr 

Ion. Nt^u tdilion. Edited and revised by C J. DeliUe. 

HISTOIRE DE CHARLES XII. Par Voltaire' 

Nc-iii iJUian. Edited and revised by L, Direy. U. 61/. 

PICCIOLA. Par X. B. Saintine. Neweditian. Edited: 

and revised by Dr. Diibuc. M. 6,i. 

SELECT FABLES OF LA FONTAINE. JVem 

f.iilwu. Edited by F. Gasc, M.A. is. bd. 



2JQt)ittafeEr'B Series of eieoDetn jTtencb 
autbots. 

IVITH INTRODUCTION AND NOTES. 
For Beginners. 
LA BELLE NIVERNAISE. Histoire d'ur 

bateau el <le son equipage. By Alphonse Daudet. With 
illii strati ons. Edited by James Boieile, Senior French MasW 
at Dulwich Collefie. 2J. fxi. [Ready. 

For Advancid Sludenls. 

BUG JARGAL. By Victor Hugo. Edited by 

James Boieile, Senior Frencb Master at Dulwich College. 31;. 
Otktrs to follow. [Riadyi 
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German. 

FLUGEL'S COMPLETE DICTIONARY OF THE 
GERMAN AND ENGLISH LANGUAGES. Comprising 
the German nnd English, and English and German. Ada.pted 
to the English Student, with great Addition? and Improvements. 
By C. A. Felling, A. Hcimann, and J. Oxenford. Nrui tiUlien. 

2 vols. 8vO. I/. IS. 

ABRIDGED GERMAN AND ENGLISH, 

AND ENGLISH AND GERMAN DICTIONARY. 
Carefully compiled from the London Edition of Fliigel's larger 
Dictionary. By C. A. Feiling and J. Osenford. JVfw edition. 
Royal iSmo. 61. 

GRENFELL'S ELEMENTARY GERMAN EX- 
ERCISES. Part I. Adapted to the Rugby School German 
Accidence, izmo. 11. bd. 

OLLENDORFF'S (Dr. H. S.). NEW METHOD 
OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the German. 
New edition. Crown 8vo. 71. Key, 8vo. 7i. 

WHITTAKER'S COURSE OF MODERN 
GERMAN. By F. Lange. Ph.D., Professor, R.M.A. Wool- 
wich, Examiner in German lo theCollege of Preceptors, London; 
Examiner in German at the Victoria University, Manchester, 
and J. F. Davis, M.A., D.Lil. Extra fcap. 8vo. cloth. 

A CONCISE GERMAN GRAMMAR. With especial refe- 
rence lo Phonology, Comparative Philology, English and Gor- 
man Corieapondences, and Idioms. By Fn. Lange, Ph.D., 
Professor at the Royal Military Academy, Woolwich. In three 
Pans. Part L, Elementary, 2s. Part II., Intermediate, 2s. 
Part IIL in the press. 

ELEMENTARY GERMAN READER, A Graduated Col- 
lection of Readings in Prose and Poetry. With English Notes 
and a Vocabulary. By F. Lange, Ph.D. is. 6J. 

ADVANCED GERMAN READER. A Graduated Collection 
of Readings in Prose and Poetry. With English Notes and a 
Vocabulary. By F. Lange, Ph.D. and J. F. Davis, M.A., 
D.Lil. [^earfy ready, 

PROGRESSIVE GERMAN EXAMINATION 

COURSE. In Three Parts. By F. Lange, Ph.D., Prof. 

R.M.A., Woolwich, Examiner in German to the College of 

Preceptors. 

Comprising the Elements of German Grammar, an Historical 






Sketch oFthe Teutonic Languages, English and Germ: 
spoodences. Materials for Translation, Dictation, Ej 
Conversation and complete Vocabularies. 

1. ELEMENTARY COURSE. Cloth, z'. 

2. INTERMEDIATE COURSE. Cloth, 2j. 

3. ADVANCED COURSE. Second revised edition. CloA; 
u. 6d. 

adapted to their need!."— /■mr/iVa/ Trachir. 

In Preparation. 

GERMAN CONVERSATIONAL DICTION.] 
ARV, A Guide to Modern German Conversation. For tl 
Every-day Purposes of Travellers and Students. By G. S 
and J, F, Davis, M.A., D.Lit. 



Mlbitta&et's ifiecman Classics, toiti) 
(ffinglist) jraotes. 

Fcap. Svo. doth. I 

GERMAN BALLADS. From Uliland, Goethe, I 



GOETHE'S HERMANN AND DOROTHEA, 

With Short Introduction, Argnmenl, and Notes Critical a 
Explanatory. By Ernest Bell and E. Wolfel, U. &/. 

SCHILLER'S MAID OF ORLEANS. With Intw 
duction and Notes. By Dr. Wagner, tj. bd. 

MARIA STUART. With Introduction and J 

Notes- By V. Kastner, M.A. \s. bd. * 

WALLENSTEIN. Complete Text. 

edition. With Notes, Arguments, and an Historical a. 
Critical Introduction. By C. A. Buchheim, Professor, Ph.C 
Sj. Or separately— Part I.— THE LAGER AND DIE PK 
COLOMINL 2s. (ni. Part IL— WALLENSTEIN'S TOD.! 
2J. W. ■ 





WhittaUx'^ ^leries of ^oDecn German 

IViU Introduction and Notes. Edited by F. Lange, Ph.D., 
Professor, Royal Military Academy, Woolwich. 



which is intended to supply the much-fell want of saitOible Reading 
3ook9 foi English Students of Germnn who have passed through 
the preiiminary stages of fables and anecdotes. 

To those who wish to extend Iheir linguistic and grammatical 
knowledge, these volumes will afford, in one respect, a great 
jldvantage over those of an earlier period, presenting, as they do, 
the compositions of the best living, or only recently deceased 
authors. The Notes, besides etymological and other explanations, 
mill contain many useful idiomatic expressions su^ested by the text, 
and worth committing to memory. 

FIRST SER/ES. 
For Beginnbks. Edited, with a Grammatical Introduction, 
Notes, andaVocabulary, by F. Lange, Ph-R, Professor, R.M. A. 
Woolwich, Examiner in German lo the College of Preceptors, 
and H. Hager, Ph.D., Examiner in German to the London 
University. 
HEV'S FABELN FUR KINDER. Illustrated by O. Speckler. 
Edited, with an Introduction, Grammatical Summary, Words, 
and a complete Vocabulary. By F, Lange, Ph.D., Professor. 
IS. &/. 

of 



SECOND SERIES. 
Fo» Intermediate STt;DENTS. Edited, with a Biogra. 

Ebical Introduction, Notes, and a complete vocabulary, by F. 
.ange, Ph.D., Professor, and H. Hager, Ph.D. 
DOKTOR WESPE. Lustspiel in funf Aufiiigen von JULIUS 
RODERICK BENEDIX. Edited by F. Lange, Ph.D., 
Professor. 3s. 6d. 
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THIRD SERIES. ■ 

roK Advanced Students. Edited, with a Literary Iil- | 
troduction and Notes, by F. Lange, Ph.D., Professor, R.M.A, 
Woolwich, in co-operation with F. Slorr, B.A. ; A. A. Mac- 
donell, M.A. ; H. Hagcr, Ph.D.; C. Neuhaus, Ph.D. and 

MEISTER MARTIN, der Kiilher. Erzahlungvon E. T. A. Hoff- J 
man. Edited by F. Lange, Ph.D., Professor, Royal MihtaijB 
Academy, Woolwich. I^. &/. ■ 

HANS LANGE. Schauspid von Paul Heyse. Edited by A. A. 1 
Macilonell, M.A., Ph.D., Taylorian Teacher, Universitf, 
Oxford, is. 

AUF WACHE. Noveile von Be.thold Auerbach. DER GEFRO- 
RENE KUSS. Novelie von Otto Roquette. Edited to— 
A. A Macdonell, M.A, ai. * ■ 



EditcM 



EINE FRAGE. Idyll von George Ebers. Edited by F. Storr. 
B.A., Chief Master of Modern Subjects in Merchant Taylor' 



n Karl Gutzkow. Edited 
/. 

GERMAN EPIC TALES IN PROSE. I. Die Nibelungen, J 
voti A. F. C. Vilmar.— IL Wallher und Hildegund, v ■ ■■ -■ 
Richter, Edited by Karl Neuhau?, Ph.D., the Int. 
College, Isleworth. 2s. dd. 



3Itaiian. 

BARETTI'S DICTIONARY OF THE ENGLISBi 

AND ITALIAN LANGUAGES. To which is prefixed ■ 
Italian and English Grammar. Neiu Edition, enlirely n, 
written. By G. Comelali and J. Davenport. 2 vols. SvOil 
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fRAGLIA'S NEW POCKET DICTIONARY OF 
THE ITALIAN AND ENGLISH LANGUAGES. With 
considerable Addition!, and n Compendious Elementary Ilaliim 
Grammar. iSmo. 41. (ul. 

OLLENDORFF (DR. H. G.) NEW METHOD 

OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the Italian. 
Ntui Edition. Crown 8vo. 7^, Key, Svo, 71. 

SOAVE'S NOVELLE MORALI. Neiv Edition. 



VENERONI'S COMPLETE ITALIAN GRAM- 
MAR. By P. Rosleri. limo. bs. 

VERGANI AND PIRANESI'S ITALIAN AND 
ENGLISH GRAMMAR. With Exercises, S:c. By J. 

tGuichet. New rdilion, by Signor A. Tonimasi. larno. 5j. 
Key, y. 



Eussian. 



LBESHOFF (E.) A DICTIONARY OF THE 
RUSSIAN AND ENGLISH LANGUAGES. ■ In two 
Vol. 1. Russian-English. Vol. 11. English -Russian. 
Compiled by E. Dolbeshoff in co-operalion with C. E. Turner, 
Professor of English Language and Literature at the University, 
St. Petersburg. [Preparing. 



^panisb. 



NEUMAN AND BARETTI'S SPANISH AND 

ENGLISH. AND ENGLISH AND SPANISH DIC- 
TIONARY. Revised and enlarged by M. Seoaue, M.D. 
a vols. Svo. U. 8j. 

POCKET DICTIONARY. Spanish and Eng- 
lish, and English and Spanish. Compiled from the larger 
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OLLENDORFF'S(DR. H. G.) NEW METHOD 

OF LEARNING TO READ. WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the Spanish. 
Neaitdiluin. %ia. in. Key, 8vD. 71. ' 



Ipractical mercantile Corcesponbence. 

A Collection of Commercial Lellets and Forms, 
Eiplaiialory and Giammalici 
Terms, edited by L. Simon, Chr. Vogel, Ph.D.', H. P. Skelt. 
W. C. Wrankmore, Leland Mason, and others. Intended 
Books for Schools and far Self-Instruction. 

Now Kmdy, ermiit Sve., clelh : 

ENGLISH, with German Notes, 31. 

GERMAN, with English Notes, y. 

ENGLISH, with French Notes, 4r. 6d. 

FRENCH, with EngUsh Notes, 4r. td. 
This new Collection of Model Letters and Epistolary Forms 
embraces the whole sphere of Commercial Transactions. Each 
example is provided with such remarks and explanations, that any 
one with a fair grammatical knowledge of the particular Ungua^ 
will find it an easy matter to prepare a wet I- ex pressed letter. 



C&e Specialist's Series. 



A New Series of Handbooks for Students and Prtuttasl 

Engineers. Crown Zvo. With many Jllustratiom. 
GAS ENGINES. Their Theory and Management 

By William Macgregor. With 7 Plates, Crown Svo. pp. 245,,, . 
8j. bd. ■ 

BALLOONING: A Concise Sketch of its History ai 

Principles. From the best sources. Continental and Englii 

By G. May. With Illustrations. '" - "— — ~ - 

w. bd. 
ELECTRIC TRANSMISSION OF ENER 

and its Trans formation. Subdivision, and Distribution. 
Practical Handbook by Gisbert Kapp, C.E,, Associate Memlx 

of the Institution of Civil Engineers, &c. With l"" '" 

tions. Crown Svo. pp. xi. -331. ^s. bd. 



\ 




Classical and Educational Works. 



ARC AND GLOW LAMPS. 

book on Eleclric Lighliiig. By Juliu! 

Soc. Tel. Eng., &c. Whh 78 1 1 lustration 5. Crown 8vo. pp. 
viii.-376, 7j. 6d. 
ON THE CONVERSION OF HEAT INTO 

WORK. A Practical Handbook on Heat-Engines. By 
William Anderson, M. Inst. C.E. With 64 Illustrations. 
Pp. viii.-254. Cr. 8vo. 6r. 
SEWAGE TREATMENT, PURIFICATION 

AND UTILISATION ; A Practical Manual for the Use of 
Corporations, Local Boards, Officers of Health, Inspectors of 
Nuisances, Chemists, Manufacturers, Riparian Owners, Engi- 
neers and Ratepayers. By J. W. Slater, F.E.S., Editor of 
"Journal of Science." Crown Svo. cloth, price 61. 

THE TELEPHONE. By W. H. Preece, F.R.S., 

and J. Maier. Ph.D. With numerous illustrations. Cr. Svo. 
I2J. erf. 

MANURES, OR THE PHILOSOPHY OF 

MANURING. By Dr. A. B. Griffiths, F.R.S.Ed., F.C.S., 
Principal and Lecturer on Chemistry in the School of Science, 
Lincoln, &e., &c. Cr. Svo. ^s. bd. 
In preparation. 

GALVANIC BATTERIES. By Professor George Forbes, 

M.A. 
INDUCTION COILS. By Professor A. J. Fleming, M.A., 

D.Sc. 
HYDRAULIC MOTORS. By Geotge R. Bodmer, Assoc. 

M.lnst.C.E. [/iiimediaiffy. 

THE DYNAMO. By Guy C. Fricker. 
ALTERNATING CURRENTS OP ELECTRICITY. 

By Thonia.; H. Blakesley, M.A., M.lnst.C.E. [Immaliaitly. 
Olhtrs to follow. 



NIPHER (F. E.) THEORY OF MAGNETIC 
MEASUREMENTS, WITH AN APPENDIX ON THE 
METHOD OF LEAST SQUARES. One volume. Crown 
8vo. cloih, is. 

PLANTE (G.) THE STORAGE OF ELECTRI- 
CAL ENERGY, and Researches in the Effects created by Cur- 
rents combining Quantity with High Tension. Translated from 
the French by Paul Bedford Elwell. With Poilrait, and 89 
Illustrations. Svo. pp. vii.-268, cloth, \2s. 
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Small enmm St'c. clolh. With many Illustrations. 

iCQbir taker's Libcarp oE 9rt5, Sciences, 
sganufactures anD JnQustrics- 

MANAGEMENT OF ACCUMULATORS 
AND PRIVATE ELECTRIC LIGHT INSTALLA- 
TIONS. A Piactical Handbook by Sir Darid Salomons, 
linrt., M.A. 4th Edition, Revised and Enlarged, with 32 lllus- 
tralioDs. Cloth, 3J. 

" To By thll Ihis iHKlk u the bnl of iu k^iDd would be a poor camplimnit, 
as it 14 praclically Ihe only work on accumuUtora thai hai beerx wiiiteiir" — 

ELECTRICAL INSTRUMENT - MAKING 
FOR AMATEURS. A Practical Handbook. By S. R. 
liotlonei Author of "The Dynamo, " ic. With eoIUuatrationi. 
Second edition. Cloth, 31, 

ELECTRIC BELLS AND ALL ABOUT 

THEM. A Pratll,:al liook for Practical Men. By .S. R. 
BoLtone. With more than 100 illustrations. Cloth, 31. 

PRACTICAL IRON FOUNDING. By the 

Author of " Pallem Making," &c., &c. liluslrated iriih over 
one hundred engravings. Cloth, 41-. 

THE PROTECTION OFBUILDINGS FROM 

LIGHTNING. A Treatise on the Theory of Lightning 
CondnctorsfromaModern Point ofVicw. Being the substance of 
two lectures delivered before the Society of Arts in March, 18&S. 
By Oliver J. Lodge, LL.D., D.Sc. F.R.S., Professor of Phy- 
sics in University College, Liverpool. 

Published with various amplifications and additions, with the 
approval of the Society of Arts. \Shortly. 

ELECTRICAL INFLUENCE MACHINES: 

Containing a full account of their historical development, their 
modern Forms, and their Practical Construction. By J. Gray. 
IS.Sc. \_lMpra!. 

ELECTRICAL ENGINEERING IN OUR 

WORKSHOPS. A Practical Handbook. By Sydney F. 
Walker. \Rcady skcrliy. 

Othtrs in f reparation. 



Classical and Educational Works. 



Cecbnological Dictionaries. 

ENGLISH AND GERMAN. 

WERSHOVEN (F. I.) TECHNOLOGICAL 

DICTIONARY OF THE PHYSICAL, MECHANICAL, 
AND CHEMICAL SCIENCES. English and Gennaii, 
2 vols, cloth, 5j, 

ENGLISH—SPANISH. 

PONCE DE LEON. TECHNOLOGICAL DIC- 
TIONARY. English-Spanish and Spanish- English. 



Vol. I. — English-Spanish. Svo. bound, ^l ifif. 

Vol. 1 1. ^Spanish-English. \In priparaliai 



Post %vo. 8i4/'p. JOS. (id. 

HOBLYN'S DICTIONARY OF TERMS USED 
IN MEDICINE AND COLLATERAL SCIENCES. lUh 
tdiHon. Revised ihroughout, with numerous Additions. By 

iohn A, P. Price, B.A., M.D. Oxon., Assist ant- Surgeon to the 
Loyal Berkshire Hospital. 

This new edition has undergoue complete revision and emen- 
dation. Many teims, fallen more or less into disuse, have been 
omitted ; and a. considerable amount of fiesh matter has been 
introduced, in order to meet the requiiemenu of the present day. 
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I vol. demy 4/11. ■with JJ Doubit and 40 Singii Plaits, £: 

TICINICAL SCHOOL tND COIIEGE BDILDIlll!.! 

Being a Treatise en the Design and Construction of 

Applied Science and Art Buildings, and 

their suitable Fillings and 

Sanitation. 



Bv EDWARD COOKWORTHV ROBINS, F.S.A. 



1 



Outline of Contents.— Introduction— English and Foreign 
Technical Education— Analysis of the Second Rejiort of the Royal 
Commissioners 00 TechnicaL Education — Buildings for Applied 
Science and Art Instruction, with examples or Foreign and English 
Buildings— Analysis of the Fittings necessary for these Buildings — 
British and Foreign Examples of the Details of the Fittings— Heat- 
ing and Ventilation genetully — Heating and Ventilation necessary 
for Applied Science and Instruction Buildings— The Planning of 
Buildings for Middle Class Education — Sanitary Science — Appendix. 
Full prespictus foil free an application. 





jramiliat £iuotation Series. 

Clolh limp, \s. ; Half-bound, \s. &d. 

. FAMILIAR LATIN QUOTATIONS AND PROVERBS. 

. FAMILIAR FRENCH QUOTATIONS AND PROVERBS. 

. FAMILIAR ENGLISH QUOTATIONS. 

,. A HANDY CLASSICAL DICTIONARY, for Family and 
School use. 

. BIBLE TRUTHS WITH SHAKESPEARIAN PAREL- 
LELS, showing the indebtedness of Shukespesre to [he 
Bible. 

. A HANDY BOOK OF SYNONYMS, containing about 
33,000 English words. 

. THE SECRETARY'S ASSISTANT AND CORRESPON- 
DENT'S GUIDE, showing the correct mode of addressing, 
by letter or otherwise, persons of every degree of rank. 

.. THE TOURISTS FRENCH PRONOUNCING HAND- 
BOOK, giving the pronunciation for the use of travellers 
who have little or no knowledge of the French language. 

.. REASONS WHY WE BELIEVE THE BIBLE. By the 
Rev. James Copland, M.A. 

I. TALES FROM SHAKESPEARE. By Charles Lamb. 

. A DICTIONARY OF DAILY BLUNDERS, correcting 
mistakes constantly miule in speaking and writing. 

:, RASSELAH. By Dr. Johnson. 

1- ELIZABETH, OR THE EXILES OF SIBERIA. 

. REJECTED ADDRESSES. By Horace and James Smith. 

;. A DICTIONARY OF ENGLISH PROVERBS. 

K PLUTARCH'S LIVES OF ILLUSTRIOUS MEN, for 
Family and School use. 

'. DE QUINCEY'S OPIUM EATER. 

;. THE STORY OF THE NEW TESTAMENT. By the 
Rev. A. Carter, M.A. 

.. A HANDY DICTIONARY OF MYTHOLOGY, for every- 
day readers and for School use. 

I. MOORE'S IRISH MELODIES. 

. MOORE'S LALLA ROOKH. 
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FAMILIAR QUOTATION SERIES— ron/inwa'. 

TRIPLICATE VOLUMES, tooled and coloured edges, 
3f. each. 

1. HANDBOOK FOR WRITERS AND READERS (English), 

Comprising Dictionary of Blunders Corrccled, 33,000 Syno- 
nyms, and Secrelary's Assistant and Correspond em's Guide. 

2. REFERENCE HANDBOOK OF FAMILIAR QUOTA-^ 

TIONS, English. French, and Latin. 'M 

3. LAMB'S TALES FROM SHAKESPEARE, RASSELAStB 

and ELIZABETH. ^ 

4. REFERENCE HANDBOOK FOR BIBLE AND GENERAL ■ 

READERS, comprising Story of the New Testamenl, Bible 
Truths with Shakespearian Parallels, and Reitsons why we 
Believe the Bible. 

5. HANDBOOK FOR WRITERS AND READERS [Classi- 
cal), comprising Classical Dictionary, Plutarch's Lives 
Mythology. 



DUPLICATE VOLUME, Prices 




1. Latin Qui 

a. French Qu 

3. English Quotations. 

4. Classical Dictionary. 

j. Book of 33,000 Synonym: 



